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C++ 


C++ is a statically typed, compiled, general-purpose, case-sensitive, free-form 
programming language that supports procedural, object-oriented, and generic 
programming.. 

C++ is regarded as a middle-level language, as it comprises a combination of 
both high-level and low-level language features. 

C++ was developed by Bjarne Stroustrup starting in 1979 at Bell Labs in Murray 
Hill, New Jersey, as an enhancement to the C language and originally named C 
with Classes but later it was renamed C++ in 1983. 

C++ is a superset of C, and that virtually any legal C program is a legal C++ 
program. 

Note: A programming language is said to use static typing when type checking 
is performed during compile-time as opposed to run-time. 

Object-Oriented Programming 

C++ fully supports object-oriented programming, including the four pillars of 
object-oriented development: 


Encapsulation 
Data hiding 


Inheritance 




Polymorphism 


Standard Libraries 

Standard C++ consists of three important parts: 

The core language giving all the building 
blocks including variables, data types and literals, 
etc. 


The C++ Standard Library giving a rich set of 
functions manipulating files, strings, etc. 

The Standard Template Library (STL) giving a 
rich set of methods manipulating data structures, 
etc. 


The ANSI Standard 

The ANSI standard is an attempt to ensure that C++ is portable; that code you 
write for Microsoft's compiler will compile without errors, using a compiler on a 
Mac, UNIX, a Windows box, or an Alpha. 
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The ANSI standard has been stable for a while, and all the major C++ compiler 
manufacturers support the ANSI standard. 

Learning C++ 

The most important thing while learning C++ is to focus on concepts. 

The purpose of learning a programming language is to become a better 
programmer; that is, to become more effective at designing and implementing 
new systems and at maintaining old ones. 

C++ supports a variety of programming styles. You can write in the style of 
Fortran, C, Smalltalk, etc., in any language. Each style can achieve its aims 
effectively while maintaining runtime and space efficiency. 

Use of C++ 

C++ is used by hundreds of thousands of programmers in essentially every 
application domain. 

C++ is being highly used to write device drivers and other software that rely on 
direct manipulation of hardware under real-time constraints. 

C++ is widely used for teaching and research because it is clean enough for 
successful teaching of basic concepts. 

Anyone who has used either an Apple Macintosh or a PC running Windows has 
indirectly used C++ because the primary user interfaces of these systems are 
written in C++. 
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Try it Option Online 

You really do not need to set up your own environment to start learning C++ 
programming language. Reason is very simple, we have already set up C++ 
Programming environment online, so that you can compile and execute all the 
available examples online at the same time when you are doing your theory 
work. This gives you confidence in what you are reading and to check the result 
with different options. Feel free to modify any example and execute it online. 

Try the following example using our online compiler option available at 
http://www.compileonline.com/ 







#include <iostream> 


using namespace std; 


int main() 

{ 


cout« "Hello World"; 
return 0; 


} 

For most of the examples given in this tutorial, you will find Try it option in our 
website code sections at the top right corner that will take you to the online 
compiler. So just make use of it and enjoy your learning. 

Local Environment Setup 

If you are still willing to set up your environment for C++, you need to have the 
following two softwares on your computer. 

Text Editor: 

This will be used to type your program. Examples of few editors include 
Windows Notepad, OS Edit command, Brief, Epsilon, EMACS, and vim or vi. 

Name and version of text editor can vary on different operating systems. For 
example, Notepad will be used on Windows and vim or vi can be used on 
windows as well as Linux, or UNIX. 

The files you create with your editor are called source files and for C++ they 
typically are named with the extension .cpp, .cp, or .c. 

A text editor should be in place to start your C++ programming. 
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C++ Compiler: 



This is an actual C++ compiler, which will be used to compile your source code 
into final executable program. 

Most C++ compilers don't care what extension you give to your source code, but 
if you don't specify otherwise, many will use .cpp by default. 

Most frequently used and free available compiler is GNU C/C++ compiler, 
otherwise you can have compilers either from HP or Solaris if you have the 
respective Operating Systems. 

Installing GNU C/C++ Compiler: 

UNIX/Linux Installation: 

If you are using Linux or UNIX then check whether GCC is installed on your 
system by entering the following command from the command line: 


$ g++ -v 

If you have installed GCC, then it should print a message such as the following: 


Using built-in specs. 

Target: i386-redhat-linux 

Configured with: ../configure —prefix=/usr. 

Thread model: posix 

gcc version 4.1.2 20080704 (Red Hat 4.1.2-46) 

If GCC is not installed, then you will have to install it yourself using the detailed 
instructions available at http://gcc.gnu.org/install/. 





Mac OS X Installation: 


If you use Mac OS X, the easiest way to obtain GCC is to download the Xcode 
development environment from Apple's website and follow the simple 
installation instructions. 

Xcode is currently available at developer.apple.com/technologies/tools/. 

Windows Installation: 

To install GCC at Windows you need to install MinGW. To install MinGW, go to 
the MinGW homepage, www.mingw.org, and follow the link to the MinGW 
download page. Download the latest version of the MinGW installation program 
which should be named MinGW-<version>.exe. 

While installing MinGW, at a minimum, you must install gcc-core, gcc-g++, 
binutils, and the MinGW runtime, but you may wish to install more. 
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Add the bin subdirectory of your MinGW installation to your PATH 
environment variable so that you can specify these tools on the command line by 
their simple names. 

When the installation is complete, you will be able to run gcc, g++, ar, ranlib, 
dlltool, and several other GNU tools from the Windows command line. 
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When we consider a C++ program, it can be defined as a collection of objects 
that communicate via invoking each other's methods. Let us now briefly look 
into what a class, object, methods, and instant variables mean. 

Object - Objects have states and behaviors. 
Example: A dog has states - color, name, breed as 
well as behaviors - wagging, barking, and eating. 
An object is an instance of a class. 

Class - A class can be defined as a 
template/blueprint that describes the 
behaviors/states that object of its type support. 

Methods - A method is basically a behavior. A 
class can contain many methods. It is in methods 
where the logics are written, data is manipulated 
and all the actions are executed. 

Instant Variables - Each obj ect has its unique 
set of instant variables. An object's state is created 
by the values assigned to these instant variables. 


C++ Program Structure: 

Let us look at a simple code that would print the words Hello World. 





#include <iostream> 


using namespace std; 


// main() is where program execution begins. 


int main() 

{ 


cout « "Hello World"; // prints Hello World return 0; 


} 

Let us look at the various parts of the above program: 

The C++ language defines several headers, 
which contain information that is either necessary 
or useful to your program. For this program, the 
header <iostream> is needed. 


The line using namespace std; tells the 
compiler to use the std namespace. Namespaces 
are a relatively recent addition to C++. 


6 




C++ 


The next line 7/ main() is where program 
execution begins/ is a single-line comment 
available in C++. Single-line comments begin with 
// and stop at the end of the line. 

The line int main() is the main function where 
program execution begins. 

The next line cout « "This is my first C++ 
program."; causes the message "This is my first 
C++ program" to be displayed on the screen. 

The next line return 0; terminates main() 
function and causes it to return the value 0 to the 
calling process. 

Compile & Execute C++ Program: 

Let's look at how to save the file, compile and run the program. Please follow the 
steps given below: 


Open a text editor and add the code as above. 

Save the file as: hello.cpp 

Open a command prompt and go to the 
directory where you saved the file. 

Type 'g++ hello.cpp' and press enter to compile 
your code. If there are no errors in your code the 
command prompt will take you to the next line and 
would generate a.out executable file. 

Now, type 'a.out' to run your program. 


You will be able to see ' Hello World ' printed 



on the window. 


$ g++ hello.cpp 
$ ./a.out 
Hello World 

Make sure that g++ is in your path and that you are running it in the directory 
containing file hello.cpp. 

You can compile C/C++ programs using makefile. For more details, you can 
check our ‘Makefile Tutorial’. 

Semicolons & Blocks in C++ 

In C++, the semicolon is a statement terminator. That is, each individual 
statement must be ended with a semicolon. It indicates the end of one logical 
entity. 

For example, following are three different statements: 


x = y; 

y = y+l; 
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add(x, y); 

A block is a set of logically connected statements that are surrounded by 
opening and closing braces. For example: 


{ 


cout « "Hello World"; // prints Hello World 
return 0; 


} 

C++ does not recognize the end of the line as a terminator. For this reason, 
it does not matter where you put a statement in a line. For example: 


x = y; 
y = y+i; 


add(x, y); 
is the same as 


x = y; y = y+1; add(x, y); 


C++ Identifiers 




A C++ identifier is a name used to identify a variable, function, class, 
module, or any other user-defined item. An identifier starts with a letter A 
to Z or a to z or an underscore (_) followed by zero or more letters, 
underscores, and digits (0 to 9). 

C++ does not allow punctuation characters such as @, $, and % 
within 

identifiers. C++ is a case- 

sensitive programming language. 

Thus, Manpower and manpower are two different identifiers in C++. 

Here are some examples of acceptable identifiers: 


mohd 


zara 

abc 

move name a 123 


my name 50 


temp 


J 

a23b9 

retVal 


C++ Keywords 




The following list shows the reserved words in C++. These reserved words 
may not be used as constant or variable or any other identifier names. 
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bool 

explicit 

private 

true 





break 

export 

protected 

try 





case 

extern 

public 

typedef 





catch 

false 

register 

typeid 





char 

float 

reinterpret_cast 

typename 





class 

for 

return 

union 





const 

friend 

short 

unsigned 





const_cast 

goto 

signed 

using 





continue 

if 

sizeof 

virtual 





default 

inline 

static 

void 





delete 

int 

static_cast 

volatile 





do 

long 

struct 

wchar_t 





double 

mutable 

switch 

while 





dynamic_cast 

namespace 

template 









































































































































Trigraphs 





A few characters have an alternative representation, called a trigraph 
sequence. A trigraph is a three-character sequence that represents a single 
character and the sequence always starts with two question marks. 

Trigraphs are expanded anywhere they appear, including within string 
literals and character literals, in comments, and in preprocessor directives. 

Following are most frequently used trigraph sequences: 


Trigraph 


Replacement 
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All the compilers do not support trigraphs and they are not advised to be 
used because of their confusing nature. 

Whitespace in C++ 

A line containing only whitespace, possibly with a comment, is known as a 
blank line, and C++ compiler totally ignores it. 

Whitespace is the term used in C++ to describe blanks, tabs, newline 
characters and comments. Whitespace separates one part of a statement 
from another and enables the compiler to identify where one element in a 




statement, such as int, ends and the next element begins. Statement 1: 


int age; 

In the above statement there must be at least one whitespace character 
(usually a space) between int and age for the compiler to be able to 
distinguish them. Statement 2: 


fruit = apples + oranges; // Get the total fruit 

In the above statement 2, no whitespace characters are necessary between 
fruit and =, or between = and apples, although you are free to include some 
if you wish for readability purpose. 
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Program comments are explanatory statements that you can include in the C++ 
code. These comments help anyone reading the source code. All programming 
languages allow for some form of comments. 

C++ supports single-line and multi-line comments. All characters available 
inside any comment are ignored by C++ compiler. 

C++ comments start with /* and end with */. For example: 


/* This is a comment */ 


/* C++ comments can also 

span multiple lines 



A comment can also start with //, extending to the end of the line. For example: 




#include <iostream> 
using namespace std; 


main() 

{ 


cout« "Hello World"; // prints Hello World 


return 0; 


} 

When the above code is compiled, it will ignore // prints Hello World and final 
executable will produce the following result: 


Hello World 

Within a /* and */ comment, // characters have no special meaning. Within a // 
comment, /* and */ have no special meaning. Thus, you can "nest" one kind of 
comment within the other kind. For example: 


/* Comment out printing of Hello World: 
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cout « "Hello World"; // prints Hello World 







While writing program in any language, you need to use various variables 
to store various information. Variables are nothing but reserved memory 
locations to store values. This means that when you create a variable you 
reserve some space in memory. 

You may like to store information of various data types like character, wide 
character, integer, floating point, double floating point, boolean etc. Based 
on the data type of a variable, the operating system allocates memory and 
decides what can be stored in the reserved memory. 


Primitive Built-in Types 

C++ offers the programmer a rich assortment of built-in as well as user 
defined data types. Following table lists down seven basic C++ data types: 


Type 

Keyword 





Boolean 

bool 



Character 

char 



Integer 

int 









































Floating point 

float 



Double floating point 

double 



Valueless 

void 



Wide character 

wchar_t 




Several of the basic types can be modified using one or more of these type 
modifiers: 

signed 

unsigned 

short 

long 
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The following table shows the variable type, how much memory it takes to 
store the value in memory, and what is maximum and minimum value 
which can be stored in such type of variables. 



Type 

Typical Bit 
Width 

Typical Range 

-1 - 

1-1 - 

1-1 

























char 

lbyte 


-127 to 127 or 0 to 255 





unsigned char 

lbyte 


0 to 255 





signed char 

lbyte 


-127 to 127 





int 

4bytes 


-2147483648 to 

2147483647 





unsigned int 

4bytes 


0 to 4294967295 





signed int 

4bytes 


-2147483648 to 




2147483647 





short int 

2bytes 


-32768 to 32767 





unsigned short 
int 

Range 


0 to 65,535 





signed short 
int 

Range 


-32768 to 32767 





long int 

4bytes 


-2,147,483,647 to 




2,147,483,647 





signed long int 

4bytes 


same as long int 





unsigned long 

4bytes 


0 to 4,294,967,295 

int 









































































































The size of variables might be different from those shown in the above 
table, depending on the compiler and the computer you are using. 
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Following is the example, which will produce correct size of various data types 
on your computer. 


#include <iostream> 
using namespace std; 


int main() 

{ 

cout « "Size of char :" « sizeof(char) « endl; 

cout« "Size of int:" << sizeof(int) << endl; 

cout « "Size of short int : " « sizeof(short int) « 
endl; 


cout « "Size of long int:" « sizeof(long int) « endl; 




coiit « "Size of float: " « sizeof(float) « endl; 

cout « "Size of double : " « sizeof(double) « endl; 
cout « "Size of wchar_t : " « sizeof(wchar_t) « 
endl; return 0; 

} 

This example uses endl, which inserts a new-line character after every line and 

operator is being used to pass multiple values out to the screen. We are also 
using sizeof() function to get size of various data types. 

When the above code is compiled and executed, it produces the following result 
which can vary from machine to machine: 


Size of char : 1 
Size of int: 4 
Size of short int: 2 
Size of long int: 4 
Size of float: 4 
Size of double : 8 
Size of wchar_t: 4 
typedef Declarations 

You can create a new name for an existing type using typedef. Following is the 
simple syntax to define a new type using typedef: 




typedef type newname; 


For example, the following tells the compiler that feet is another name for int: 
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typedef int feet; 

Now, the following declaration is perfectly legal and creates an integer variable 
called distance: 


feet distance; 

Enumerated Types 

An enumerated type declares an optional type name and a set of zero or more 
identifiers that can be used as values of the type. Each enumerator is a constant 
whose type is the enumeration. 

Creating an enumeration requires the use of the keyword enum. The general 
form of an enumeration type is: 


enum enum-name { list of names } var-list; 

Here, the enum-name is the enumeration's type name. The list of names is 
comma separated. 

For example, the following code defines an enumeration of colors called colors 
and the variable c of type color. Finally, c is assigned the value "blue". 



enum color { red, green, blue } c; 
c = blue; 

By default, the value of the first name is 0, the second name has the value 1, and 
the third has the value 2, and so on. But you can give a name, a specific value by 
adding an initializer. For example, in the following enumeration, green will have 




the value 5. 


enum color { red, green=5, blue }; 

Here, blue will have a value of 6 because each name will be one greater than the 
one that precedes it. 
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A variable provides us with named storage that our programs can 
manipulate. Each variable in C++ has a specific type, which determines the 
size and layout of the variable's memory; the range of values that can be 
stored within that memory; and the set of operations that can be applied to 
the variable. 

The name of a variable can be composed of letters, digits, and the 
underscore character. It must begin with either a letter or an underscore. 
Upper and lowercase letters are distinct because C++ is case-sensitive: 

There are following basic types of variable in C++ as explained in last 
chapter: 


Type 

Description 





bool 

Stores either value true or false. 



char 

Typically a single octet (one byte). This is an integer 


type. 



int 

The most natural size of integer for the machine. 












































float 

A single-precision floating point value. 



double 

A double-precision floating point value. 



void 

Represents the absence of type. 



wchar_t 

A wide character type. 




C++ also allows to define various other types of variables, which we will 
cover in subsequent chapters like Enumeration, Pointer, Array, 
Reference, Data structures, and Classes. 

Following section will cover how to define, declare and use various types 
of variables. 

Variable Definition in C++ 

A variable definition tells the compiler where and how much storage to 
create for the variable. A variable definition specifies a data type, and 
contains a list of one or more variables of that type as follows: 
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type variable_list; 

Here, type must be a valid C++ data type including char, w_char, int, float, 
double, bool or any user-defined object, etc., and variable_list may consist of 
one or more identifier names separated by commas. Some valid declarations are 
shown here: 


int i, j, k; 
char c, ch; 
float f, salary; 
double d; 

The line int i, j, k; both declares and defines the variables i, j and k; which 
instructs the compiler to create variables named i, j and k of type int. 

Variables can be initialized (assigned an initial value) in their declaration. The 
initializer consists of an equal sign followed by a constant expression as follows: 


type variable_name = value; 
Some examples are: 






h- 

-—-n-—-- 

-—-li-—- 

-—-if 






extern int 

d = 3, f = 5; 

// declaration of d and f. 

int d = 

3, 

LO 

II 

I 

// definition and initializing d and f. 

byte z 

— 

22; 

// definition and initializes z. 

char x 

P i 


'x'; 

IP— — — - - - 1 

// the variable x has the value ’x’. 

p —I 


For definition without an initializer: variables with static storage duration are 
implicitly initialized with NULL (all bytes have the value 0); the initial value of 
all other variables is undefined. 

Variable Declaration in C++ 

A variable declaration provides assurance to the compiler that there is one 
variable existing with the given type and name so that compiler proceed for 
further compilation without needing complete detail about the variable. A 
variable declaration has its meaning at the time of compilation only, compiler 
needs actual variable declaration at the time of linking of the program. 

A variable declaration is useful when you are using multiple files and you define 
your variable in one of the files which will be available at the time of linking of 
the program. You will use extern keyword to declare a variable at any place. 
Though you can declare a variable multiple times in your C++ program, but it 
can be defined only once in a file, a function or a block of code. 

Example: 
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Try the following example where a variable has been declared at the top, but it 
has been defined inside the main function: 


#include <iostream> 




using namespace std; 


Variable declaration: extern int a, b; extern int c; 
extern float f; 

int main () 

{ 

Variable definition: int a, b; 
int c; float f; 

actual initialization a = 10; 
b = 20; 
c = a + b; 

cout« c « endl; 

f = 70.0/3.0; 
cout « f « endl; 

return 0; 

} 


When the above code is compiled and executed, it produces the following result: 




30 


23.3333 
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Same concept applies on function declaration where you provide a function 
name at the time of its declaration and its actual definition can be given 
anywhere else. For example: 


function declaration int func(); 


int main() 

{ 

} 


function call int i = func(); 


function definition int func() 


{ 


return 0; 




} 


Lvalues and Rvalues 

There are two kinds of expressions in C++: 

lvalue : Expressions that refer to a memory 
location is called "lvalue" expression. An lvalue 
may appear as either the left-hand or right-hand 
side of an assignment. 

rvalue : The term rvalue refers to a data value 
that is stored at some address in memory. An 
rvalue is an expression that cannot have a value 
assigned to it which means an rvalue may appear 
on the right- but not left-hand side of an 
assignment. 

Variables are lvalues and so may appear on the left-hand side of an assignment. 

Numeric literals are rvalues and so may not be assigned and cannot appear on 

the left-hand side. Following is a valid statement: 


int g = 20; 


But the following is not a valid statement and would generate compile-time 
error: 


10 = 20 ; 


20 
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A scope is a region of the program and broadly speaking there are three places, 
where variables can be declared: 


Inside a function or a block which is called 
local variables, 

In the definition of function parameters which 
is called formal parameters. 

Outside of all functions which is called global 
variables. 

We will learn what a function is, and it's parameter in subsequent chapters. Here 
let us explain what local and global variables are. 

Local Variables 

Variables that are declared inside a function or block are local variables. They 
can be used only by statements that are inside that function or block of code. 
Local variables are not known to functions outside their own. Following is the 
example using local variables: 






#include <iostream> 
using namespace std; 


int main () 

{ 

Local variable declaration: int a, b; 

int c; 


a = 10; 
b = 20; 


actual initialization 




c = a + b; 


coiit« c; 
return 0; 
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Global Variables 

Global variables are defined outside of all the functions, usually on top of the 
program. The global variables will hold their value throughout the life-time of 
your program. 

A global variable can be accessed by any function. That is, a global variable is 
available for use throughout your entire program after its declaration. Following 
is the example using global and local variables: 


#include <iostream> 
using namespace std; 




Global variable declaration: int g; 


int main () 

{ 

Local variable declaration: int a, b; 

actual initialization 

a = 10; 
b = 20; 
g = a + b; 

cout« g; 

return 0; 

} 

A program can have same name for local and global variables but value of local 
variable inside a function will take preference. For example: 


#include <iostream> 
using namespace std; 

Global variable declaration: int g = 20; 




22 



C++ 


int main () 

{ 

Local variable declaration: int g = 10; 
coiit« g; 
return 0; 

} 

When the above code is compiled and executed, it produces the following 
result: 


10 

Initializing Local and Global Variables 

When a local variable is defined, it is not initialized by the system, you 
must initialize it yourself. Global variables are initialized automatically by 




the system when you define them as follows: 





Data Type 

Initializer 






int 0 

char '\0' 

float 0 

double 0 

pointer NULL 

It is a good programming practice to initialize variables properly, otherwise 
sometimes program would produce unexpected result. 
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Constants refer to fixed values that the program may not alter and they are called 

literals. 

Constants can be of any of the basic data types and can be divided into Integer 
Numerals, Floating-Point Numerals, Characters, Strings and Boolean Values. 

Again, constants are treated just like regular variables except that their values 
cannot be modified after their definition. 

Integer Literals 

An integer literal can be a decimal, octal, or hexadecimal constant. A prefix 
specifies the base or radix: Ox or OX for hexadecimal, 0 for octal, and nothing for 
decimal. 

An integer literal can also have a suffix that is a combination of U and L, for 
unsigned and long, respectively. The suffix can be uppercase or lowercase and 
can be in any order. 

Here are some examples of integer literals: 






078 

// Illegal: 8 is not an octal digit 

032UU 

// Illegal: cannot repeat a suffix 


Following are other examples of various types of Integer literals: 


85 

// decimal 

0213 

// octal 

0x4b 

// hexadecimal 

30 

// int 

30u 

// unsigned int 

301 

// long 


// unsigned long 


Floating-point Literals 


A floating-point literal has an integer part, a decimal point, a fractional part, and 
an exponent part. You can represent floating point literals either in decimal form 
or exponential form. 
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While representing using decimal form, you must include the decimal point, 
the exponent, or both and while representing using exponential form, you 
must include the integer part, the fractional part, or both. The signed 
exponent is introduced by e or E. 

Here are some examples of floating-point literals: 


3.14159 

// Legal 

314159E-5L 

// Legal 

510E 

// Illegal: incomplete exponent 

210f 

// Illegal: no decimal or exponent 

.e55 

// Illegal: missing integer or fraction 


Boolean Literals 

There are two Boolean literals and they are part of standard C++ keywords: 

A value of true representing true. 

A value of false representing false. 

You should not consider the value of true equal to 1 and value of false equal 
to 0. 

Character Literals 

Character literals are enclosed in single quotes. If the literal begins with L 
(uppercase only), it is a wide character literal (e.g., L'x') and should be 
stored in wchar_t type of variable. Otherwise, it is a narrow character 
literal (e.g., 'x') and can be stored in a simple variable of char type. 





A character literal can be a plain character (e.g., 'x'), an escape sequence 
(e.g., '\t'), or a universal character (e.g., '\u02C0'). 


There are certain characters in C++ when they are preceded by a backslash 
they will have special meaning and they are used to represent like newline 
(\n) or tab (\t). Here, you have a list of some of such escape sequence codes: 


Escape sequence 

Meaning 





\\ 

\ character 



V 

' character 



\" 

" character 



\? 

? character 
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\a 

Alert or bell 



\b 

Backspace 



\f 

Form feed 



\n 

Newline 



\r 

Carriage return 



\t 

Horizontal tab 



\v 

Vertical tab 



\ooo 

Octal number of one to three digits 



\xhh... 

Hexadecimal number of one or more digits 




Following is the example to show a few escape sequence characters: 



























































#include <iostream> 


using namespace std; 


int main() 

{ 


cout« "Hello\tWorld\n\n"; 
return 0; 


} 


When the above code is compiled and executed, it produces the following 
result: 


Hello World 
String Literals 

String literals are enclosed in double quotes. A string contains characters 
that are similar to character literals: plain characters, escape sequences, and 
universal characters. 


26 




C++ 


You can break a long line into multiple lines using string literals and separate 
them using whitespaces. 

Here are some examples of string literals. All the three forms are identical 
strings. 


"hello, dear" 

"hello, \ 
dear" 

"hello," "d" "ear" 

Defining Constants 

There are two simple ways in C++ to define constants: 

Using #define preprocessor. 

Using const keyword. 

The #define Preprocessor 

Following is the form to use #define preprocessor to define a constant: 




#define identifier value 


Following example explains it in detail: 


#include <iostream> 
using namespace std; 

#define LENGTH 10 
#define WIDTH 5 
#define NEWLINE '\n' 


int main() 

{ 


int area; 


area = LENGTH * WIDTH; 
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coiit« area; 
cout« NEWLINE; 
return 0; 


} 


When the above code is compiled and executed, it produces the following result: 


50 

The const Keyword 

You can use const prefix to declare constants with a specific type as follows: 


const type variable = value; 
Following example explains it in detail: 




#include <iostream> 


using namespace std; 

int main() 

{ 

const int LENGTH = 10; 
const int WIDTH = 5; 
const char NEWLINE = '\n'; 
int area; 

area = LENGTH * WIDTH; 

cout« area; 

cout« NEWLINE; 




return 0; 


} 

When the above code is compiled and executed, it produces the following result: 

50 

Note that it is a good programming practice to define constants in CAPITALS. 
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C++ allows the char, int, and double data types to have modifiers preceding 
them. A modifier is used to alter the meaning of the base type so that it more 
precisely fits the needs of various situations. 

The data type modifiers are listed here: 

signed 

unsigned 

long 

short 

The modifiers signed, unsigned, long, and short can be applied to integer base 
types. In addition, signed and unsigned can be applied to char, and long can be 
applied to double. 


The modifiers signed and unsigned can also be 

used 


as 




prefix 


to long or short modifiers. For example, unsigned long int. 

C++ allows a shorthand notation for declaring unsigned, 

short, or long integers. You can simply use the word unsigned, short, or long, 
without int. It automatically implies int. For example, the following two 
statements both declare unsigned integer variables. 

unsigned x; 
unsigned int y; 

To understand the difference between the way signed and unsigned integer 
modifiers are interpreted by C++, you should run the following short program: 


#include <iostream> 
using namespace std; 

/* This program shows the difference between 

signed and unsigned integers. 




int main() 


{ 


short int i; 

short unsigned int j; 


// a signed short integer 
// an unsigned short integer 
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j = 50000; 

• • 
i = j; 

cout « i « "" «j; 
return 0; 

} 

When this program is run, following is the output: 

I I 

-15536 50000 

The above result is because the bit pattern that represents 50,000 as a short 
unsigned integer is interpreted as -15,536 by a short. 

Type Qualifiers in C++ 

The type qualifiers provide additional information about the variables they 
precede. 





Qualifier Meaning 

const Objects of type const cannot be changed by your program during 
execution 


volatile The modifier volatile tells the compiler that a variable's value 
may be changed in ways not explicitly specified by the program. 


restrict A pointer qualified by restrict is initially the only means by 
which the object it points to can be accessed. Only C99 adds a new type 
qualifier called restrict. 
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A storage class defines the scope (visibility) and life-time of variables and/or 
functions within a C++ Program. These specifiers precede the type that they 
modify. There are following storage classes, which can be used in a C++ 
Program 


auto 

register 

static 

extern 

mutable 


The auto Storage Class 

The auto storage class is the default storage class for all local variables. 


{ 




int mount; 
auto int month; 


} 

The example above defines two variables with the same storage class, auto can 
only be used within functions, i.e., local variables. 

The register Storage Class 

The register storage class is used to define local variables that should be stored 
in a register instead of RAM. This means that the variable has a maximum size 
equal to the register size (usually one word) and can't have the unary '&' operator 
applied to it (as it does not have a memory location). 


{ 

register int miles; 

} 

The register should only be used for variables that require quick access such as 
counters. It should also be noted that defining 'register' does not mean that the 
variable will be stored in a register. It means that it MIGHT be stored in a 
register depending on hardware and implementation restrictions. 

The static Storage Class 
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The static storage class instructs the compiler to keep a local variable in 
existence during the life-time of the program instead of creating and destroying 
it each time it comes into and goes out of scope. Therefore, making local 
variables static allows them to maintain their values between function calls. 

The static modifier may also be applied to global variables. When this is done, it 
causes that variable's scope to be restricted to the file in which it is declared. 

In C++, when static is used on a class data member, it causes only one copy of 
that member to be shared by all objects of its class. 



#include <iostream> 

Function declaration void func(void); 
static int count = 10; /* Global variable */ 


main() 

{ 




while(count—) 

{ 

func(); 

} 

return 0; 

} 

Function definition void func( void ) 

{ 

static int i = 5; // local static variable i++; 

std::cout « "i is " « i; 

std::cout « " and count is " « count « 
std::endl; 

} 

When the above code is compiled and executed, it produces the following result: 

i is 6 and count is 9 
i is 7 and count is 8 


32 




C++ 


i is 8 and count is 7 
i is 9 and count is 6 
i is 10 and count is 5 
i is 11 and count is 4 
i is 12 and count is 3 
i is 13 and count is 2 
i is 14 and count is 1 
i is 15 and count is 0 
The extern Storage Class 

The extern storage class is used to give a reference of a global variable that is 
visible to ALL the program files. When you use 'extern' the variable cannot be 
initialized as all it does is point the variable name at a storage location that has 
been previously defined. 

When you have multiple files and you define a global variable or function, 
which will be used in other files also, then extern will be used in another file to 
give reference of defined variable or function. Just for understanding extern is 
used to declare a global variable or function in another file. 


The extern modifier is most commonly used when there are two or more files 




sharing the same global variables or functions as explained below. 

First File: main.cpp 


#include <iostream> 


int count; 

extern void write_extern(); 

main() 

{ 

count = 5; 
write_extern(); 

} 

Second File: support.cpp 


#include <iostream> 
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extern int count; 


void write_extern(void) 

{ 

std::cout « "Count is " « count « std::endl; 

} 

Here, extern keyword is being used to declare count in another file. Now 
compile these two files as follows: 


$g++ main.cpp support.cpp -o write 

This will produce write executable program, try to execute write and check the 
result as follows: 


$./write 

5 

The mutable Storage Class 

The mutable specifier applies only to class objects, which are discussed later in 
this tutorial. It allows a member of an object to override const member function. 




That is, a mutable member can be modified by a const member function. 
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An operator is a symbol that tells the compiler to perform specific 
mathematical or logical manipulations. C++ is rich in built-in operators and 
provide the following types of operators: 

Arithmetic Operators 
Relational Operators 
Logical Operators 
Bitwise Operators 
Assignment Operators 
Misc Operators 

This chapter will examine the arithmetic, relational, logical, bitwise, 
assignment and other operators one by one. 

Arithmetic Operators 

There are following arithmetic operators supported by C++ language: 
Assume variable A holds 10 and variable B holds 20, then: 
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++ 

Increment 

operator, 

increases 

A++ will give 11 


integer value by one 








— 

Decrement 

operator, 

decreases 

A— will give 9 


integer value by one 



! =t 

> i 

! =i 

> I 

! t 


Try the following example to understand all the arithmetic operators 
available in C++. 

Copy and paste the following C++ program in test.cpp file and compile and 
run this program. 























































#include <iostream> 


using namespace std; 

main() 

{ 


int a = 21; 




c = a + b; 
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} 

When the above code is compiled and executed, it produces the following 
result: 


Line 1 - Value of c is :31 
Line 2 - Value of c is : 11 

Line 3 - Value of c is :210 
Line 4 - Value of c is :2 

Line 5 - Value of c is : 1 

Line 6 - Value of c is :21 
Line 7 - Value of c is :22 


Relational Operators 

There are following relational operators supported by C++ language 
Assume variable A holds 10 and variable B holds 20, then: 


Operator 

Description 




Exam 























Checks 



the 


values 



two 


(A== 

is not 
true. 


operands are equal or not, if 


yes then 



(A !- 

is true 


operands are equal or not, if 


values are not equal then 


condition becomes true. 


Checks 



the 


operand is greater than the 


value of right operand, if yes 


then condition becomes true. 




(A< I 
is true 


operand is less than the value 


of right operand, if yes then 


condition becomes true. 



Checks 



the 


value 



left 


(A>- 

is not 
true. 
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operand is greater than or equal 



to the value of right operand, if 



yes 

then 

condition 

becomes 



true. 










<= 

Checks if 

the value 


(A <= B) is true. 


operand is less than or equal to 



the value of right operand, if 



yes 

then 

condition 

becomes 



true. 





■ 

rr- -——--1 

P- 1 





Try the following example to understand all the relational operators 
available in C++. 

Copy and paste the following C++ program in test.cpp file and compile and 
run this program. 





























































#include <iostream> 


using namespace std; 


main() 

{ 


int a = 21; 
int b = 10; 


int c; 


if( a == b ) 




{ 


cout « "Line 1 - a is equal to 
b" « endl; 

} 

else 

{ 

cout « "Line 1 - a is not equal 
to b" « endl; 


} 

if ( a < b ) 

{ 


cout « "Line 2 - a is less than 
b" « endl; 
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} 


else 




{ 


coiit « "Line 2 - a is not less than 
b" « endl; 


} 

if ( a > b ) 

{ 


cout « "Line 3 - 
b" « endl; 

} 

else 

{ 

cout « "Line 3 - 
than b" « endl; 


} 

/* Let's change the values of a and b */ 
a = 5; 
b = 20; 
if ( a <= b ) 

{ 


cout « "Line 4 - 
than \ 


is greater than 


a is not greater 


a is either less 


} 

if (b >= a ) 


or equal to b" « endl; 



{ 


cout « "Line 5 - b is either greater 
than \ 


or equal to b" « endl; 

} 

return 0; 

} 

When the above code is compiled and executed, it produces the following result: 


Line 1 - a is not equal to b 

Line 2 - a is not less than b 

Line 3 - a is greater than b 

Line 4 - a is either less than or equal to b 
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Line 5 - b is either greater than or equal to b 


Logical Operators 

There are following logical operators supported by C++ language, 
Assume variable A holds 1 and variable B holds 0, then: 


&& 


Description 


Called Logical AND operator. If 


both the operands are non-zero, 


then condition becomes true. 


Called Logical OR Operator. If 


any of the two operands is non¬ 


zero, 


true. 


Called 


then condition 


becomes 


Logical NOT 


Use to reverses the logical state 


of its operand. If a condition is 


true, then Logical NOT operator 


will make false. 


Example 


(A && B) is false, 


(A || B) is true. 


!(A && B) is true, 








































































Try the following example to understand all the logical operators available 
in C++. 

Copy and paste the following C++ program in test.cpp file and compile and 
run this program. 


#include <iostream> 
using namespace std; 


main() 

{ 


int a = 5; 
int b = 20; 


int c; 
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if ( a && b ) 

{ 


cout « "Line 1 - Condition is true 
« endl; 




} 

if ( a || b ) 

{ 


cout « "Line 2 - Condition is true" 
« endl; 


} 

/* Let's change the values of a and b */ 
a = 0; 
b = 10; 
if ( a && b ) 

{ 

cout « "Line 3 - Condition is true" 
« endl; 

} 

else 

{ 

cout « "Line 4 - Condition is not 
true"« endl; 

} 

if (!(a && b)) 

{ 


} 


cout « "Line 5 - Condition is true" 
« endl; 



return 0; 


} 

When the above code is compiled and executed, it produces the following result: 


Line 1 - Condition is true 
Line 2 - Condition is true 
Line 4 - Condition is not true 
Line 5 - Condition is true 

Bitwise Operators 
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Bitwise operator works on bits and perform bit-by-bit operation. The truth 
tables for &, I, and A are as follows: 


p 

q 

p&q 

p 

q 

p A q 











0 

0 

0 

0 

0 






0 

i 

0 

1 

i 






1 

i 

1 

1 

0 






1 

0 

0 

1 

1 







Assume if A = 60; and B = 13; now in binary format they will be as 
follows: 

A = 0011 1100 

B = 0000 1101 


A&B = 0000 1100 
A|B = 0011 1101 
A A B = 0011 0001 
~A = 1100 0011 

The Bitwise operators supported by C++ language are listed in the 
following table. Assume variable A holds 60 and variable B holds 13, then: 










Description 



Binary AND Operator 
copies a 

bit to the result if it 
exists in 

both operands. 


Binary OR Operator 
copies a bit 

if it exists in either 
operand. 


Binary XOR Operator 
copies the 

bit if it is set in one 
operand but 

not both. 


Example 


■ 

f" -■ 




(A & B) will give 12 
which is 


0000 1100 






(A | B) will give 61 
which is 


0011 1101 




(A A B) will give 49 
which is 


0011 0001 





—1 

-1 
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Binary 

Ones 

Complement 

(~A ) will give -61 w 
is 


Operator is unary and has the 

1100 0011 in 2's 
complement 


effect of 'flipping' bits. 

form due to a signed 
binary 





number. 




« 

Binary Left Shift Operator. The 

A « 2 will give 240 wh 
is 


left operands value is moved 

1111 0000 


left by the number of bits 



specified by the right operand. 





» 

Binary Right Shift Operator. The 

A » 2 will give 15 
which is 


left operands value is moved 

0000 1111 


right by the number of bits 



specified by the right operand. 








Try the following example to understand all the bitwise operators available 
in C++. 


Copy and paste the following C++ program in test.cpp file and compile and 
run this program. 



























































#include <iostream> 


using namespace std; 


main() 


{ 


unsigned int a = 60; 

// 60 = 0011 1100 

unsigned int b = 13; 

//13 = 0000 1101 

int c = 0; 


c = a & b; 

//12 = 0000 1100 

cout « "Line 1 - Value of c is :" « c « endl; 

c = a | b; 

// 61 = 0011 1101 

cout « "Line 2 - Value of c is:" « c « endl; 

c = a A b; 

I =< 

// 49 = 0011 0001 

! =i 












































cout « "Line 3 - Value of c is:" « c « endl; 
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coiit « "Line 5 - Value of c is:" « c « endl; 

c = a » 2; // 15 = 0000 1111 

cout « "Line 6 - Value of c is:" « c « endl; 

return 0; 

} 

When the above code is compiled and executed, it produces the following 
result: 





Line 1 - Value of c is : 12 
Line 2 - Value of c is: 61 
Line 3 - Value of c is: 49 
Line 4 - Value of c is: -61 
Line 5 - Value of c is: 240 
Line 6 - Value of c is: 15 


Assignment Operators 

There are following assignment operators supported by C++ language: 


Operator 

Description 

Example 








Simple assignment 
operator, 

C = A + B will assign 
value of A 


Assigns values from 
right side 

+ B into C 


operands to left side 
operand. 





+ = 

Add AND assignment 
operator, 

C += A is equivalent to C 
= C + 


It adds right operand to 
the left 

A 

































operand and assign the 
result to 



left operand. 
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I 



Subtract 


operator, 





AND 






assignment 


subtracts 



operand from the left operand 


and assign the result to left 


operand. 



Multiply 


operator, 





AND 






assignment 




operand with the left operand 


and assign the result to left 


operand. 



Divide 


I 





AND 





assignment 


operator, It divides left operand 


with the right operand and 


assign the result to left 


operand. 



Modulus 


operator, 





AND 






assignment 


takes modulus 


using two operands and assign 


the result to left operand. 







C -= A is equivaler 



C *= A is equivalei 



C /= A is equivaler 



C %= A is equivale 
C 


% A 



































































































«= 

Left 

shift 

AND 

assignment 

C «= 2 is same as 
2 


operator. 












»= 

Right 

shift 

AND 

assignment 

C >>= 2 is same as 
2 


operator. 











&= 

Bitwise 

AND 

assignment 

C &= 2 is same as 


operator. 












A= 

Bitwise 

exclusive 

OR 

and 

C A = 2 is same as ( 


assignment operator. 









— 

Bitwise 

inclusive 

OR 

and 

C = 2 is same as C 


assignment operator. 












Try the following example to understand all the assignment operators 
available in C++. 
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Copy and paste the following C++ program in test.cpp file and compile and run 
this program. 



#include <iostream> 




using namespace std; 


main() 

{ 

int a = 21; 
int c; 

c = a; 

cout « "Line 1 - = Operator, Value of c = 
endl; 

c += a; 

cout « "Line 2 - += Operator, Value of c = : 
endl; 


c -= a; 

cout « "Line 3 - -= Operator, Value of c = : 
endl; 


c 




cout « "Line 4 - *= Operator, Value of c = 
endl; 


c /= a; 

cout « "Line 5 - /= Operator, Value of c = : 
endl; 


: " «c« 


" «c« 


" «c« 


" «c« 


" «c« 


0 = 200 ; 



c %= a; 


cout « "Line 6 - %= Operator, Value of c = : " «c« 
endl; 

c «= 2; 

cout« "Line 7 - «— Operator, Value of c — : " «c« 
endl; 

c »= 2; 

cout « "Line 8 - >>— Operator, Value of c — ; " <<c« 
endl; 
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c &= 2; 

cout « "Line 9 - &= Operator, Value of c = : " 
«c« endl; 


c a= 2; 

cout « "Line 10 - A = Operator, Value of c = : " 
«c« endl; 


c 




cout « "Line 11 - 
«c« endl; 


Operator, Value of c 


I! 


return 0; 


} 


When the above code is compiled and executed, it produces the following 




result: 


Line 1 - = Operator, Value of c = : 21 
Line 2 - += Operator, Value of c = : 42 
Line 3 - -= Operator, Value of c = : 21 
Line 4 - *= Operator, Value of c = : 441 
Line 5 - /= Operator, Value of c = : 21 
Line 6 - %= Operator, Value of c = : 11 
Line 7 - «= Operator, Value of c = : 44 
Line 8 - >>= Operator, Value of c = : 11 
Line 9 - &= Operator, Value of c = : 2 
Line 10 - A = Operator, Value of c = : 0 
Line 11 -1= Operator, Value of c = : 2 

Misc Operators 

The following table lists some other operators that C++ supports. 








Operator 

Description 





sizeof 

sizeof operator returns the size of a variable. For 


example, sizeof(a), where ‘a’ is integer, and will return 


4. 
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Condition ? X 
: Y 


. (dot) and -> 
(arrow) 



Cast 



Conditional operator (?). If Condition is true then it 


returns value of X otherwise returns value of Y. 



Comma operator causes a sequence of operations to 


be performed. The value of the entire comma 


expression is the value of the last expression of the 


comma-separated list. 


Member operators are used to reference individual 


members of classes, structures, and unions. 


Casting operators convert one data type to another. 


For example, int(2.2000) would return 2. 



Pointer operator returns the address of a variable 


For example &a; will give actual address of the 


variable. 


Pointer operator * is pointer to a variable. For 
example 


*var; will pointer to a variable var. 
























































































Operators Precedence in C++ 

Operator precedence determines the grouping of terms in an expression. 
This affects how an expression is evaluated. Certain operators have higher 
precedence than others; for example, the multiplication operator has higher 
precedence than the addition operator: 

For example x = 7 + 3 * 2; here, x is assigned 13, not 20 because operator * 
has higher precedence than +, so it first gets multiplied with 3*2 and then 
adds into 7. 

Here, operators with the highest precedence appear at the top of the table, 
those with the lowest appear at the bottom. Within an expression, higher 
precedence operators will be evaluated first. 



Associativity 


Category 


Postfix 


Left to right 
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Additive 

+ - 

Left to right 




Shift 

« » 

Left to right 




Relational 

<<=>> = 

Left to right 




Equality 

• 

Left to right 




Bitwise AND 

& 

Left to right 




Bitwise XOR 

A 

Left to right 




Bitwise OR 


Left to right 




Logical AND 

&& 

Left to right 




Logical OR 


Left to right 




Conditional 

?• 

• • 

Right to left 




Assignment 

+-*/%»«& A 

Right to left 




Comma 

5 

Left to right 




Try the following example to understand operator’s precedence concept 





















































































available in C++. Copy and paste the following C++ program in test.cpp 
file and compile and run this program. 

Check the simple difference with and without parenthesis. This will 
produce different results because (), /, * and + have different precedence. 
Higher precedence operators will be evaluated first: 


#include <iostream> 
using namespace std; 


main() 

{ 


int a = 20; 
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int b = 10; 
int c = 15; 
int d = 5; 
int e; 


e = (a + b) * c / 

d; 

// 

(30 * 
15 

) / 5 

cout « "Value of (a + b) * c / d is « e « endl; 

e = ((a + b) * c) 
/d; 

// 

(30 * 1 

5 ) / 5 
























cout « "Value of ((a + b) * 

c) / d 

« e « 

l ii i 

is 

! i 

endl; 

l =t 



Value of (a + b) * c / d is :90 
Value of ((a + b) * c) / d is 
Value of (a + b) * (c / d) is 


:90 






























































Value of a + (b * c) / d is 


:50 




C++ 


There may be a situation, when you need to execute a block of code several 
number of times. In general, statements are executed sequentially: The first 
statement in a function is executed first, followed by the second, and so on. 

Programming languages provide various control structures that allow for 
more complicated execution paths. 


A loop statement allows us to execute a statement or group of statements 
multiple times and following is the general from of a loop statement in most 
of the programming languages: 



Conditional Code 


A 

If condition 
is true 


if condition 
is false 


T 











C++ programming language provides the following type of loops to handle 
looping requirements. 


Loop Type 

Description 





while loop 

Repeats a statement or group of statements while a 


given condition is true. It tests the condition before 


executing the loop body. 



for loop 

Execute a sequence of statements multiple times and 


abbreviates the code that manages the loop variable. 
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do... while 
loop 

Like a ‘while’ statement, except that it tests the 


condition at the end of the loop body. 



nested loops 

You can use one or more loop inside any another 


‘while’, ‘for’ or ‘do..while’ loop. 




While Loop 

A while loop statement repeatedly executes a target statement as long as a 
given condition is true. 

Syntax 

The syntax of a while loop in C++ is: 


while(condition) 

{ 


statement(s); 


} 

Here, statement(s) may be a single statement or a block of statements. The 
condition may be any expression, and true is any non-zero value. The loop 
iterates while the condition is true. 


When the condition becomes false, program control passes to the line 































immediately following the loop. 

Flow Diagram 
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while( condition ) 

{ 

conditional code ; 



if condition 


T 


is true 


code block 


V 

If condition 
is false 





Here, key point of the while loop is that the loop might not ever run. When the 
condition is tested and the result is false, the loop body will be skipped and the 
first statement after the while loop will be executed. 

Example 


#include <iostream> 
using namespace std; 


int main () 

{ 


Local variable declaration: int a = 10; 


while loop execution while( a < 20 ) 




{ 

coiit « "value of a: " « 
a « endl; a++; 

} 

53 



C++ 


} 


return 0; 


When the above code is compiled and executed, it produces the following result: 


value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 15 
value of a: 16 


value of a: 17 




value of a: 18 


value of a: 19 
for Loop 

A for loop is a repetition control structure that allows you to efficiently write a 
loop that needs to execute a specific number of times. 

Syntax 

The syntax of a for loop in C++ is: 


for (init; condition; increment) 

{ 


statement(s); 


} 

Here is the flow of control in a for loop: 

The init step is executed first, and only once. 
This step allows you to declare and initialize any 
loop control variables. You are not required to put 
a statement here, as long as a semicolon appears. 


Next, the condition is evaluated. If it is true, 
the body of the loop is executed. If it is false, the 
body of the loop does not execute and flow of 
control jumps to the next statement just after the 
for loop. 


After the body of the for loop executes, the 
flow of control jumps back up to the increment 




statement. This statement allows you to update any 




C++ 


loop control variables. This statement 
can be left blank, as long as a semicolon 
appears after the condition. 

The condition is now evaluated again. If it is 
true, the loop executes and the process repeats 
itself (body of loop, then increment step, and then 
again condition). After the condition becomes 
false, the for loop terminates. 


Flow Diagram 





Example 


#include <iostream> 
using namespace std; 




int main () 

{ 


// for loop execution 

for( int a = 10; a < 20; a = a + 1) 
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{ 


coiit « "value of a: " « 
a « endl; 


} 

return 0; 


} 


When the above code is compiled and executed, it produces the following result: 


value of a: 10 


value of a: 11 




value of a: 12 


value of a: 13 
value of a: 14 
value of a: 15 
value of a: 16 
value of a: 17 
value of a: 18 
value of a: 19 
do...while Loop 

Unlike for and while loops, which test the loop condition at the top of the loop, 
the do...while loop checks its condition at the bottom of the loop. 

A do...while loop is similar to a while loop, except that a do...while loop is 
guaranteed to execute at least one time. 

Syntax 

The syntax of a do...while loop in C++ is: 


do 

{ 

statement(s); 

}while( condition); 

Notice that the conditional expression appears at the end of the loop, so the 
statement(s) in the loop execute once before the condition is tested. 
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If the condition is true, the flow of control jumps back up to do, and the 
statement(s) in the loop execute again. This process repeats until the given 
condition becomes false. 

Flow Diagram 

m 



do { 

conditional code ; 
} while (condition) 


code block 


if condition 
is true 



if condition 
is faF&e 


I 




Example 


#include <iostream> 
using namespace std; 

int main () 

{ 

23 Local variable declaration: int a = 10; 

24 do loop execution 
do 


{ 




coiit « "value of a: " « 
a « endl; 


a = a + 1; 

}while( a < 20 ); 
return 0; 
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} 


When the above code is compiled and executed, it produces the following result: 


value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 15 
value of a: 16 
value of a: 17 
value of a: 18 
value of a: 19 


nested Loops 




A loop can be nested inside of another loop. C++ allows at least 256 levels of 
nesting. 

Syntax 

The syntax for a nested for loop statement in C++ is as follows: 


for (init; condition; increment) 


for (init; condition; increment) 


statement(s); 


statement(s); // you can put more statements. 


The syntax for a nested while loop statement in C++ is as follows: 




while(condition) 

{ 


while(condition) 

{ 


statement(s); 
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} 

statement(s); // you can put more statements. 


} 

The syntax for a nested do...while loop statement in C++ is as follows 


do 

{ 


statement(s); // you can put more statements, 
do 

{ 


statement(s); 


}while( condition); 


}while( condition); 




Example 


The following program uses a nested for loop to find the prime numbers from 2 
to 100: 


#include <iostream> 
using namespace std; 


int main () 

{ 


int i, j; 


for(i=2; i<100; i++) { 


for(j=2; j <= (i/j); j++) 


if(!(i%j)) break; // if 
factor found, not prime 




if(j > (i/j)) cout « i « ' 
is prime\n"; 


} 

return 0; 


} 


This would produce the following result: 



2 is prime 

3 is prime 
5 is prime 
7 is prime 




11 is prime 
13 is prime 
17 is prime 
19 is prime 
23 is prime 
29 is prime 
31 is prime 
37 is prime 
41 is prime 
43 is prime 
47 is prime 
53 is prime 
59 is prime 
61 is prime 
67 is prime 
71 is prime 
73 is prime 
79 is prime 
83 is prime 
89 is prime 
97 is prime 


Loop Control Statements 



Loop control statements change execution from its normal sequence. When 
execution leaves a scope, all automatic objects that were created in that 
scope are destroyed. 


C++ supports the following control statements. 


Control 

Statement 

Description 











break statement 

Terminates 

the loop or switch 
statement 

and 


transfers execution to the statement 
immediately 
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following the loop or switch. 



continue 

statement 

Causes the loop to skip the remainder of its body and 


immediately retest its condition prior to reiterating. 



goto 

statement 

Transfers control to the labeled statement. Though it 


is not advised to use goto statement in your program. 




Break Statement 

The break statement has the following two usages in C++: 

When the break statement is encountered 
inside a loop, the loop is immediately terminated 
and program control resumes at the next statement 
following the loop. 

It can be used to terminate a case in the switch 
statement (covered in the next chapter). 

If you are using nested loops (i.e., one loop inside another loop), the break 
statement will stop the execution of the innermost loop and start executing 
the next line of code after the block. 

Syntax 

The syntax of a break statement in C++ is: 


break; 



































Flow Diagram 
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-► 


condition^ 

code 


if condition 
is true 




if condition 
is false 


t 



Example 







#include <iostream> 


using namespace std; 


int main () 

{ 


23 Local variable declaration: int a = 10; 


24 do loop execution 


do 




{ 


coiit « "value of a: " « 
a « endl; 


a = a + 1; 
if( a > 15) 

{ 


terminate the loop 

break; 

} 


}while( a < 20 ); 
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return 0; 


} 


When the above code is compiled and executed, it produces the following result: 


value of a: prettyprint notranslatelO 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 15 
continue Statement 

The continue statement works somewhat like the break statement. Instead of 
forcing termination, however, continue forces the next iteration of the loop to 
take place, skipping any code in between. 

For the for loop, continue causes the conditional test and increment portions of 
the loop to execute. For the while and do...while loops, program control passes 
to the conditional tests. 




Syntax 

The syntax of a continue statement in C++ is: 

continue; 

Flow Diagram 
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#include <iostream> 


using namespace std; 


int main () 

{ 


Local variable declaration: int a = 10; 


do loop execution 


do 




{ 


if( a == 15) 

{ 


skip the iteration, a = a 
+ 1; continue; 

} 

cout « "value of a: " « 
a « endl; 

a = a + 1; 


}while( a < 20 ); 
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} 


return 0; 


When the above code is compiled and executed, it produces the following result: 


value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 16 
value of a: 17 


value of a: 18 




value of a: 19 


goto Statement 

A goto statement provides an unconditional jump from the goto to a labeled 
statement in the same function. 

NOTE: Use of goto statement is highly discouraged because it makes difficult 
to trace the control flow of a program, making the program hard to understand 
and hard to modify. Any program that uses a goto can be rewritten so that it 
doesn't need the goto. 

Syntax 

The syntax of a goto statement in C++ is: 


goto label; 


label: statement; 

Where label is an identifier that identifies a labeled statement. A labeled 
statement is any statement that is preceded by an identifier followed by a colon 
(:)• 

Flow Diagram 
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#include <iostream> 


using namespace std; 


int main () 

{ 


Local variable declaration: int a = 10; 


do loop execution 


LOOP:do 




{ 

if( a == 15) 

{ 

skip the iteration, a = a 
+ 1 ; 

goto LOOP; 

} 

cout « "value of a: " « 
a « endl; 

a = a + 1; 

}while( a < 20 ); 
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} 


return 0; 


When the above code is compiled and executed, it produces the following result: 


value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 16 
value of a: 17 
value of a: 18 
value of a: 19 

One good use of goto is to exit from a deeply nested routine. For example, 




consider the following code fragment: 


for(„.) { 


for(„.) { 


while(...) { 

if(...) goto stop; 


} 

stop: 

cout « "Error in programAn"; 

Eliminating the goto would force a number of additional tests to be performed. A 
simplebreak statement would not work here, because it would only cause the 




program to exit from the innermost loop. 


The Infinite Loop 

A loop becomes infinite loop if a condition never becomes false. The for loop is 
traditionally used for this purpose. Since none of the three expressions that form 
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the ‘for’ loop are required, you can make an endless loop by leaving the 
conditional expression empty. 


#include <iostream> 
using namespace std; 


int main () 

{ 


for(;;) 

{ 


printf("This loop 
foreverAn"); 


} 


will 


run 




return 0; 


} 

When the conditional expression is absent, it is assumed to be true. You may 
have an initialization and increment expression, but C++ programmers more 
commonly use the ‘for construct to signify an infinite loop. 

NOTE: You can terminate an infinite loop by pressing Ctrl + C keys. 
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Decision making structures require that the programmer 
specify one or more conditions to be evaluated or tested 
by the program, along with a statement or statements to 
be executed if the condition is determined to be true, 
and optionally, other statements to be executed if the 
condition is determined to be false. 

Following is the general from of a typical decision 
making structure found in most of the programming 
languages: 





C++ programming language provides following types 
of decision making statements. 


Statement 

Description 











II 


if statement 


An ‘if’ statement consists of a boolean 
expression 


switch 

statement 



nested if 
statements 



nested switch 
statements 



followed by one or more statements. 



A ‘switch’ statement allows a variable to be 
tested 



for equality against a list of values. 


You can use one ‘if’ or ‘else if’ statement inside 


another ‘if’ or ‘else if’ statement(s). 


You can use one ‘switch’ statement inside another 


‘switch’ statement(s). 



If Statement 

























































































An if statement consists of a boolean expression followed by one or more 
statements. 

Syntax 

The syntax of an if statement in C++ is: 


if(boolean_expression) 

{ 


// statement(s) will execute if the boolean 
expression is true 


} 

If the boolean expression evaluates to true, then the block of code inside 
the if statement will be executed. If boolean expression evaluates to false, 
then the first set of code after the end of the if statement (after the closing 
curly brace) will be executed. 


Flow Diagram 






Example 


#include <iostream> 
using namespace std; 

int main () 

{ 

local variable declaration: int a = 10; 
check the boolean condition if( a < 20 ) 


{ 




if condition is true 
then print the following 
cout « "a is less than 
20;" « endl; 


} 

cout « "value of a is :" « a « endl; 


return 0; 


} 


C++ 

When the above code is compiled and executed, it produces the following result: 

a is less than 20; 
value of a is : 10 
if...else Statement 

An if statement can be followed by an optional else statement, which executes 
when the boolean expression is false. 

Syntax 

The syntax of an if...else statement in C++ is: 




if(boolean_expression) 

{ 


// statement(s) will execute if the boolean expression is 
true 


} 

else 

{ 

// statement(s) will execute if the boolean expression is false 

} 

If the boolean expression evaluates to true, then the if block of code will be 
executed, otherwise else block of code will be executed. 


Flow Diagram 






Example 


#include <iostream> 
using namespace std; 


int main () 




local variable declaration: int a = 100; 


check the boolean condition if( a < 20 ) 


{ 


} 

else 

{ 


if condition is true 
then print the following 

cout « "a is less than 
20;" « endl; 


if condition is false 
then print the following 
cout « "a is not less than 
20;" « endl; 


} 

cout « "value of a is :" « a « endl; 


return 0; 


} 


When the above code is compiled and executed, it produces the following result: 


a is not less than 20; 


value of a is : 100 




if...else if...else Statement 


An if statement can be followed by an optional else if...else statement, which is 
very usefull to test various conditions using single if...else if statement. 

When using if, else if, else statements there are few points to keep in mind. 

23 An if can have zero or one else's and it must 
come after any else if's. 
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An if can have zero to many else ifs and they 
must come before the else. 

Once an else if succeeds, none of he remaining 
else ifs or else's will be tested. 


Syntax 

The syntax of an if...else if...else statement in C++ is: 


if(boolean_expression 1) 

{ 


// Executes when the boolean expression 1 is true 


} 




else if( boolean_expression 2) 

{ 

// Executes when the boolean expression 2 is true 

} 

else if( boolean_expression 3) 

{ 

// Executes when the boolean expression 3 is true 

} 

else 

{ 

// executes when the none of the above condition is 
true. 

} 

Example 


#include <iostream> 




using namespace std; 


int main () 

{ 


local variable declaration: int a = 100; 


check the boolean condition if( a == 10 ) 
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if condition is true 
then print the following 
cout « "Value of a is 10" 
« endl; 




else if( a == 20 ) 

{ 


if else if condition is 
true cout « "Value of a 
is 20" « endl; 


} 

else if( a == 30 ) 

{ 


if else if condition is 
true cout « "Value of a 
is 30" « endl; 


} 

else 

{ 


// if none of the 
conditions is true 

cout « "Value of a is not 
matching" « endl; 


} 

cout « "Exact value of a is :" « a « endl; 


return 0; 


} 


When the above code is compiled and executed, it produces the following result: 




Value of a is not matching 
Exact value of a is : 100 
Switch Statement 

A switch statement allows a variable to be tested for equality against a list of 
values. Each value is called a case, and the variable being switched on is 
checked for each case. 

Syntax 

The syntax for a switch statement in C++ is as follows: 
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switch(expression) { 


} 


case constant-expression : 

statement(s); 
break; //optional 
case constant-expression : 

statement(s); 
break; //optional 

you can have any number of case 
statements, default: //Optional 

statement(s); 


The following rules apply to a switch statement: 




The expression used in a switch statement 
must have an integral or enumerated type, or be of 
a class type in which the class has a single 
conversion function to an integral or enumerated 
type. 


You can have any number of case statements 
within a switch. Each case is followed by the value 
to be compared to and a colon. 

The constant-expression for a case must be the 
same data type as the variable in the switch, and it 
must be a constant or a literal. 

When the variable being switched on is equal to 
a case, the statements following that case will 
execute until a break statement is reached. 

When a break statement is reached, the switch 
terminates, and the flow of control jumps to the 
next line following the switch statement. 

Not every case needs to contain a break. If no 
break appears, the flow of control will fall through 
to subsequent cases until a break is reached. 

A switch statement can have an optional 
default case, which must appear at the end of the 
switch. The default case can be used for 
performing a task when none of the cases is true. 
No break is needed in the default case. 


Flow Diagram 



76 





Example 


#include <iostream> 
using namespace std; 


int main () 

{ 


local variable declaration: char grade 


switch(grade) 




{ 

case 'A': 

cout « "Excellent!" « endl; 
break; 

case 'B': 
case 'C': 

cout « "Well done" « endl; 
break; 
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case 'D': 


case 'F': 


default: 

} 


cout « "You passed" « endl; 
break; 

cout « "Better try again" « endl; 
break; 

cout « "Invalid grade" « endl; 


cout« "Your grade is " « grade « endl; 


return 0; 




} 


This would produce the following result: 


You passed 
Your grade is D 
Nested if Statement 

It is always legal to nest if-else statements, which means you can use one if or 
else if statement inside another if or else if statement(s). 

Syntax 

The syntax for a nested if statement is as follows: 


if( boolean_expression 1) 

{ 


Executes when the boolean expression 1 is true 
if(boolean_expression 2) 

{ 


Executes when the 
boolean expression 2 is 
true 




} 


} 


You can nest else if...else in the similar way as you have nested if statement. 




Example 


#include <iostream> 
using namespace std; 


int main () 




{ 


local variable declaration: int a = 100; 
int b = 200; 


check the boolean condition if( a == 100 ) 


{ 


if condition is true 
then check the following 
if( b == 200 ) 

{ 

if condition is true 
then print the following 
cout « "Value of a is 100 
and b is 200" « endl; 

} 


} 

cout « "Exact value of a is :" « a « endl; 
cout « "Exact value of b is :" « b « endl; 


return 0; 


} 


When the above code is compiled and executed, it produces the following result: 




Value of a is 100 and b is 200 


Exact value of a is : 100 
Exact value of b is : 200 

Nested switch Statements 

It is possible to have a switch as part of the statement sequence of an outer 
switch. Even if the case constants of the inner and outer switch contain common 
values, no conflicts will arise. 
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C++ specifies that at least 256 levels of nesting be allowed for switch statements. 

Syntax 

The syntax for a nested switch statement is as follows: 


switch(chl) { 


case 'A': 


cout « "This A is part of outer 
switch"; switch(ch2) { 

case 'A': 

cout « "This A is part of 
inner switch"; break; 

case 'B': //... 


} 

break; 




case 'B': // 


• • • 


} 

Example 


#include <iostream> 
using namespace std; 


int main () 

{ 


local variable declaration: int a = 100; 
int b = 200; 


switch(a) { 


case 100: 




cout « "This is part of 
outer switch" « endl; 
switch(b) { 

case 200: 

cout « "This is part of 
inner switch" « endl; 
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} 

} 

coiit « "Exact value of a is :" « a « endl; 
cout « "Exact value of b is :" « b « endl; 

return 0; 

} 

This would produce the following result: 


This is part of outer switch 
This is part of inner switch 
Exact value of a is : 100 
Exact value of b is : 200 


The ? : Operator 




We have covered conditional operator “? in previous chapter which can be 
used to replace if...else statements. It has the following general form: 


Expl ? Exp2 : Exp3; 

Expl, Exp2, and Exp3 are expressions. Notice the use and placement of the 
colon. 

The value of a ‘T expression is determined like this: Expl is evaluated. If it is 
true, then Exp2 is evaluated and becomes the value of the entire '?’ expression. 
If Expl is false, then Exp3 is evaluated and its value becomes the value of the 
expression. 
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A function is a group of statements that together perform a task. Every C++ 
program has at least one function, which is main(), and all the most trivial 
programs can define additional functions. 

You can divide up your code into separate functions. How you divide up your 
code among different functions is up to you, but logically the division usually is 
such that each function performs a specific task. 

A function declaration tells the compiler about a function's name, return type, 
and parameters. A function definition provides the actual body of the function. 

The C++ standard library provides numerous built-in functions that your 
program can call. For example, function strcat() to concatenate two strings, 
function memcpy() to copy one memory location to another location, and many 
more functions. 

A function is known with various names like a method or a sub-routine or a 
procedure etc. 

Defining a Function 

The general form of a C++ function definition is as follows: 




return_type function_name( parameter list) 

{ 

body of the function 

} 

A C++ function definition consists of a function header and a function body. 
Here are all the parts of a function: 


Return Type: A function may return a value. 
The return_type is the data type of the value the 
function returns. Some functions perform the 
desired operations without returning a value. In 
this case, the return_type is the keyword void. 

Function Name: This is the actual name of the 
function. The function name and the parameter list 
together constitute the function signature. 

Parameters: A parameter is like a placeholder. 
When a function is invoked, you pass a value to 
the parameter. This value is referred to as actual 
parameter or argument. The parameter list refers to 
the type, order, and number of the parameters of a 
function. Parameters are optional; that is, a 
function may contain no parameters. 
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Function Body: The function body contains a 
collection of statements that define what the 
function does. 


Example: 

Following is the source code for a function called max(). This function takes two 
parameters numl and num2 and returns the maximum between the two: 


// function returning the max between two numbers 


int max(int numl, int num2) 

{ 


local variable declaration int result; 


if (numl > num2) 




result = numl; 


else 


result = num2; 


return result; 

} 

Function Declarations 

A function declaration tells the compiler about a function name and how to call 
the function. The actual body of the function can be defined separately. 

A function declaration has the following parts: 

return_type function_name( parameter list); 

For the above defined function max(), following is the function declaration: 


int max(int numl, int num2); 

Parameter names are not important in function declaration only their type is 
required, so following is also valid declaration: 


int max(int, int); 

Function declaration is required when you define a function in one source file 
and you call that function in another file. In such case, you should declare the 
function at the top of the file calling the function. 
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Calling a Function 

While creating a C++ function, you give a definition of what the function has to 
do. To use a function, you will have to call or invoke that function. 

When a program calls a function, program control is transferred to the called 
function. A called function performs defined task and when it’s return statement 
is executed or when its function-ending closing brace is reached, it returns 
program control back to the main program. 

To call a function, you simply need to pass the required parameters along with 
function name, and if function returns a value, then you can store returned value. 
For example: 



#include <iostream> 


using namespace std; 


// function declaration 
int max(int numl, int num2); 




int main () 

{ 

local variable declaration: int a = 100; 
int b = 200; int ret; 

calling a function to get max value, ret = max(a, 

b); 

cout « "Max value is :" « ret « endl; 
return 0; 

} 

function returning the max between two numbers int max(int numl, int 
num2) 

{ 

local variable declaration 
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int result; 


if (numl > num2) 

result = numl; 


else 


result = num2; 


return result; 

} 

I kept max() function along with main() function and compiled the source 
code. 

While running final executable, it would produce the following result: 

Max value is : 200 
Function Arguments 

If a function is to use arguments, it must declare variables that accept the 




values of the arguments. These variables are called the formal parameters 
of the function. 


The formal parameters behave like other local variables inside the function 
and are created upon entry into the function and destroyed upon exit. 

While calling a function, there are two ways that arguments can be passed 
to a function: 



Call Type 


Description 


Call by value 



This method copies the actual value of an argument 


into the formal parameter of the function. In this 
case, 


changes made to the parameter inside the function 


have no effect on the argument. 


Call by pointer 



This method copies the address of an argument into 


the formal parameter. Inside the function, the 
address 


is used to access the actual argument used in the 
call. 


This means that changes made to the parameter 


affect the argument. 


Call by 
reference 



This method copies the reference of an argument 
into 


the formal parameter. Inside the function, the 


reference is used to access the actual argument used 
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in the call. This means 
that changes made to the 
parameter affect the 
argument. 


Call by Value 

The call by value method of passing arguments to a function copies the actual 
value of an argument into the formal parameter of the function. In this case, 
changes made to the parameter inside the function have no effect on the 
argument. 

By default, C++ uses call by value to pass arguments. In general, this means that 
code within a function cannot alter the arguments used to call the function. 
Consider the function swap() definition as follows. 




function definition to swap the values, void swap(int x, int y) 

{ 

int temp; 

temp = x; /* save the value of x */ 
x = y; /* put y into x */ 
y = temp; /* put x into y */ 

return; 

} 

Now, let us call the function swap() by passing actual values as in the following 
example: 


#include <iostream> 
using namespace std; 

function declaration void swap(int x, int y); 


int main () 




{ 


local variable declaration: int a = 100; 
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int b = 200; 

coiit « "Before swap, value of a :" « a « endl; cout 
« "Before swap, value of b :" « b « endl; 

calling a function to swap the values. swap(a, b); 

cout « "After swap, value of a :" « a « endl; cout 
« "After swap, value of b « b « endl; 

return 0; 


When the above code is put together in a file, compiled and executed, it 
produces the following result: 




Before swap, value of a :100 
Before swap, value of b :200 
After swap, value of a : 100 
After swap, value of b :200 

Which shows that there is no change in the values though they had been changed 
inside the function. 

Call by Pointer 

The call by pointer method of passing arguments to a function copies the 
address of an argument into the formal parameter. Inside the function, the 
address is used to access the actual argument used in the call. This means that 
changes made to the parameter affect the passed argument. 

To pass the value by pointer, argument pointers are passed to the functions just 
like any other value. So accordingly you need to declare the function parameters 
as pointer types as in the following function swap(), which exchanges the values 
of the two integer variables pointed to by its arguments. 


function definition to swap the values, void swap(int *x, int *y) 


{ 


int temp; 


87 





C++ 


temp = *x; /* save the value at address x */ *x = *y; /* 
put y into x */ *y = temp; /* put x into y */ 


return; 


} 

To check the more detail about C++ pointers, kindly check C++ Pointers chapter. 

For now, let us call the function swap() by passing values by pointer as in the 
following example: 




#include <iostream> 
using namespace std; 

function declaration 
void swap(int *x, int *y); 


int main () 




{ 


local variable declaration: int a = 100; 
int b = 200; 


cout « "Before swap, value of a :" « a « endl; cout 
« "Before swap, value of b :" « b « endl; 


/* calling a function to swap the values. 

&a indicates pointer to a ie. address of 
variable a and 

&b indicates pointer to b ie. address of 
variable b. 



swap(&a, &b); 


cout « "After swap, value of a :" « a « endl; cout 
« "After swap, value of b « b « endl; 
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return 0; 


} 

When the above code is put together in a file, compiled and executed, it 
produces the following result: 


Before swap, value of a : 100 
Before swap, value of b :200 
After swap, value of a :200 
After swap, value of b : 100 
Call by Reference 

The call by reference method of passing arguments to a function copies the 
reference of an argument into the formal parameter. Inside the function, the 
reference is used to access the actual argument used in the call. This means that 
changes made to the parameter affect the passed argument. 

To pass the value by reference, argument reference is passed to the functions just 
like any other value. So accordingly you need to declare the function parameters 
as reference types as in the following function swap(), which exchanges the 
values of the two integer variables pointed to by its arguments. 




function definition to swap the values, void swap(int &x, int &y) 

{ 

int temp; 

temp = x; /* save the value at address x */ 
x = y; /* put y into x */ 
y = temp; /* put x into y */ 

return; 

} 

For now, let us call the function swap() by passing values by reference as in the 
following example: 


#include <iostream> 




using namespace std; 


function declaration 
void swap(int &x, int &y); 
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int main () 

{ 

local variable declaration: int a = 100; 
int b = 200; 

cout « "Before swap, value of a :" « a « endl; cout 
« "Before swap, value of b :" « b « endl; 

/* calling a function to swap the values using variable 




reference.*/ swap(a, b); 


cout « "After swap, value of a :" « a « endl; cout 
« "After swap, value of b « b « endl; 


return 0; 

} 

When the above code is put together in a file, compiled and executed, it 
produces the following result: 


Before swap, value of a : 100 
Before swap, value of b :200 
After swap, value of a :200 
After swap, value of b : 100 


By default, C++ uses call by value to pass arguments. In general, this means that 
code within a function cannot alter the arguments used to call the function and 
above mentioned example while calling max() function used the same method. 

Default Values for Parameters 

When you define a function, you can specify a default value for each of the last 
parameters. This value will be used if the corresponding argument is left blank 
when calling to the function. 
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This is done by using the assignment operator and assigning values for the 
arguments in the function definition. If a value for that parameter is not passed 
when the function is called, the default given value is used, but if a value is 
specified, this default value is ignored and the passed value is used instead. 
Consider the following example: 



#include <iostream> 


using namespace std; 




int sum(int a, int b=20) 

{ 

int result; 
result = a + b; 
return (result); 

} 

int main () 

{ 

local variable declaration: int a = 100; 
int b = 200; int result; 


calling a function to add the values, result = 
sum(a, b); 

cout « "Total value is « result « endl; 

calling a function again as follows, result = 

sum(a); 

cout « "Total value is « result « endl; 


return 0; 


} 


When the above code is compiled and executed, it produces the following result: 
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Total value is :300 


Total value is : 120 







Normally, when we work with Numbers, we use primitive data types such as int, 
short, long, float and double, etc. The number data types, their possible values 
and number ranges have been explained while discussing C++ Data Types. 

Defining Numbers in C++ 

You have already defined numbers in various examples given in previous 
chapters. Here is another consolidated example to define various types of 
numbers in C++: 






#include <iostream> 
using namespace std; 


int main () 

{ 


number definition: short s; 




int i; long 1; float f; double d; 


number assignments; s = 10; 
i = 1000; 

1 = 1000000; f = 230.47; 
d = 30949.374; 


number printing; 


cout« 

"short 

s « s « endl; 

cout« 

"int 

i:" « i « endl; 

cout 

« 

"long 

1 

• 

« 


cout 

« 

"float 

f 

• 

« 
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coiit « "double d :" « d « endl; 
return 0; 

} 

When the above code is compiled and executed, it produces the following result: 


short s : 10 
int i :1000 
long 1:1000000 
float f :230.47 
double d :30949.4 
Math Operations in C++ 

In addition to the various functions you can create, C++ also includes some 
useful functions you can use. These functions are available in standard C and 
C++ libraries and called built-in functions. These are functions that can be 
included in your program and then use. 

C++ has a rich set of mathematical operations, which can be performed on 




various numbers. Following table lists down some useful built-in mathematical 
functions available in C++. 

To utilize these functions you need to include the math header file <cmath>. 


S.N. Function & Purpose 


double cos(double); 

This function takes an angle (as a 
double) and returns the cosine. 


double sin(double); 

This function takes an angle (as a 
double) and returns the sine. 


double tan(double); 


This function takes an angle (as a 




double) and returns the tangent. 


double log(double); 

This function takes a number and 
returns the natural log of that 
number. 




double pow(double, double); 


The first is a number you wish to raise and the second is the 
power you 

wish to raise it t 



double hypot(double, double); 

If you pass this function the length of two sides of a right triangle, 
it will 

return you the length of the hypotenuse. 



You pass this function a number and it gives you the square root. 



This function returns the absolute value of an integer that is 
passed to 



This function returns the absolute value of any decimal number 
passed 

to it. 



double floor(double); 

Finds the integer which is less than or equal to the argument 
passed to 


it. 




















































































Following is a simple example to show few of the mathematical operations: 


#include <iostream> 

#include <cmath> 
using namespace std; 

int main () 

{ 

number definition: short s = 10; 


int 

• 

1 

— 

-1000; 

long 

1 

— 

100000; 

float 

f 

P- 1 

P- 1 

230.47; 

p—--J 
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double d = 200.374; 

// mathematical operations; 

cout « "sin(d) « sin(d) « endl; cout « "abs(i) 
« abs(i) « endl; cout « "floor(d) « floor(d) « 
endl; cout « "sqrt(f) « sqrt(f) « endl; cout « 
"pow( d, 2)« pow(d, 2) « endl; 

return 0; 

} 

When the above code is compiled and executed, it produces the following result: 


sign(d) :-0.634939 




abs(i) :1000 
floor(d) :200 
sqrt(f): 15.1812 
pow( d, 2 ):40149.7 
Random Numbers in C++ 

There are many cases where you will wish to generate a random number. There 
are actually two functions you will need to know about random number 
generation. The first is rand(), this function will only return a pseudo random 
number. The way to fix this is to first call the srand() function. 

Following is a simple example to generate few random numbers. This example 
makes use of time() function to get the number of seconds on your system time, 
to randomly seed the rand() function: 


#include <iostream> 
#include <ctime> 
#include <cstdlib> 


using namespace std; 


int main () 




{ 
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// set the seed 

srand( (unsigned)time( NULL )); 


/* generate 10 random numbers. */ 
for( i = 0; i < 10; i++ ) 

{ 


generate actual random number 
j= rand(); 

cout «" Random Number : " « j 
« endl; 




return 0; 


} 

When the above code is compiled and executed, it produces the following result: 


Random Number: 1748144778 
Random Number: 630873888 
Random Number: 2134540646 
Random Number: 219404170 
Random Number: 902129458 
Random Number: 920445370 
Random Number: 1319072661 
Random Number: 257938873 
Random Number: 1256201101 
Random Number: 580322989 
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C++ provides a data structure, the array, which stores a fixed-size sequential 
collection of elements of the same type. An array is used to store a collection of 
data, but it is often more useful to think of an array as a collection of variables of 
the same type. 

Instead of declaring individual variables, such as numberO, numberl, ..., and 
number99, you declare one array variable such as numbers and use numbers[0], 
numbers[l], and ..., numbers[99] to represent individual variables. A specific 
element in an array is accessed by an index. 

All arrays consist of contiguous memory locations. The lowest address 
corresponds to the first element and the highest address to the last element. 

Declaring Arrays 

To declare an array in C++, the programmer specifies the type of the elements 
and the number of elements required by an array as follows: 


type arrayName [ arraySize ]; 

This is called a single-dimension array. The arraySize must be an integer 
constant greater than zero and type can be any valid C++ data type. For 
example, to declare a 10-element array called balance of type double, use this 
statement: 





double balance[10]; 

Initializing Arrays 

You can initialize C++ array elements either one by one or using a single 
statement as follows: 


double balance[5] = {1000.0, 2.0, 3.4, 17.0, 50.0); 

The number of values between braces { } cannot be larger than the number of 
elements that we declare for the array between square brackets [ ]. Following is 
an example to assign a single element of the array: 

If you omit the size of the array, an array just big enough to hold the 
initialization is created. Therefore, if you write: 


double balance[] = {1000.0, 2.0, 3.4, 17.0, 50.0); 


You will create exactly the same array as you did in the previous example. 
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balance[4] = 50.0; 

The above statement assigns element number 5th in the array a value of 50.0. 
Array with 4th index will be 5th, i.e., last element because all arrays have 0 as 
the index of their first element which is also called base index. Following is the 
pictorial representation of the same array we discussed above: 



0 

i 

1 

3 

4 

balance 

IQOD.O 

2.0 

3.4 

7.0 

50.0 


Accessing Array Elements 

An element is accessed by indexing the array name. This is done by placing the 
index of the element within square brackets after the name of the array. For 
example: 


double salary = balance[9]; 

The above statement will take 10th element from the array and assign the value 
to salary variable. Following is an example, which will use all the above- 
mentioned three concepts viz. declaration, assignment and accessing arrays: 




#include <iostream> 


using namespace std; 

#include <iomanip> 
using std::setw; 

int main () 

{ 

int n[ 10 ]; // n is an array of 10 integers 

initialize elements of array n to 0 for (int i = 0; i < 
10; i++) 




{ 

n[ i ] = i + 100; // set element at 
location i to i + 100 

} 

cout « "Element" « setw( 13 ) « "Value" « endl; 

output each array element's value 
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for (int j = 0; j < 10; j++ ) 

{ 


cout « setw( 7 )«j « setw( 
13 ) « n[ j ] « endl; 


} 

return 0; 


} 

This program makes use of setw() function to format the output. When the 
above code is compiled and executed, it produces the following result: 




Element 


Value 


100 

101 

102 

103 

104 

105 

106 

107 

108 
109 


Arrays in C++ 


Arrays are important to C++ and should need lots of more detail. There are 
following few important concepts, which should be clear to a C++ 
programmer: 


Concept 

Description 





Multi¬ 

dimensional 

arrays 

C++ supports multidimensional arrays. The 


simplest form of the multidimensional array is 


the two-dimensional array. 
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array by specifying the array's name 
without 


an index. 



Return array from 
functions 

C++ allows a function to return an array. 




Multi-dimensional Arrays 

C++ allows multidimensional arrays. Here is the general form of a 
multidimensional array declaration: 


type name [size 1] [size2]... [sizeN]; 

For example, the following declaration creates a three dimensional 5 . 10.4 
integer array: 


int threedim[5][10][4]; 

Two-Dimensional Arrays 

The simplest form of the multidimensional array is the two-dimensional 
array. A two-dimensional array is, in essence, a list of one-dimensional 
arrays. To declare a two-dimensional integer array of size x,y, you would 
write something as follows: 


type arrayName [ x ][y 1; 


Where type can be any valid C++ data type and arrayName will be a valid 




















C++ identifier. 


A two-dimensional array can be think as a table, which will have x number 
of rows and y number of columns. A 2-dimensional array a, which contains 
three rows and four columns can be shown as below: 



Column 0 

Cofumn 1 

Coiumn 2 

Column 3 

Row 0 

a[ 0 ][ 0 ] 

a[C]m 

ai<nt2i 

a[ 0 ][ 3 ] 

Row 1 

amm 

al 1 ][ 1 ] 

a[ 1 ]L2] 

amm 

Row 2 

a[2][0] 

at 2 3M 1 

a[2][2] 

3[ 2 ][ 3 ] 


Thus, every element in array a is identified by an element name of the form 
a[i][j], where a is the name of the array, and i and j are the subscripts that 
uniquely identify each element in a. 

Initializing Two-Dimensional Arrays 


101 




C++ 


Multidimensioned arrays may be initialized by specifying bracketed values for 
each row. Following is an array with 3 rows and each row have 4 columns. 


int a[3][4] = { 





{0, 1, 2, 3} , 

/* 

initializers for row indexed by 0 

*/ 

{4, 5, 6, 7} , 

/* 

initializers for row indexed by 

1 

*/ 

{8, 9, 10, 11} 

/* 

initializers for row indexed by 

2 

*/ 

}; 

I =i 

l ==< 


P- 

-1 

P- i 


The nested braces, which indicate the intended row, are optional. The following 
initialization is equivalent to previous example: 


int a[3][4] = {0,1,2,3,4,5,6,7,8,9,10,11}; 

Accessing Two-Dimensional Array Elements 

An element in 2-dimensional array is accessed by using the subscripts, i.e., row 
index and column index of the array. For example: 


int val = a[2][3]; 

The above statement will take 4th element from the 3rd row of the array. You 
can verify it in the above digram. 























































#include <iostream> 


using namespace std; 

int main () 

{ 

//an array with 5 rows and 2 columns. 

int a[5][2] = { {0,0}, {1,2}, {2,4}, {3,6},{4,8}}; 

output each array element's value for (int i = 0; i 
< 5; i++) 

for (int j = 0; j < 2; j++ ) 

{ 




coiit « "a[" « i « "][" 
« j « "]; cout « a[i] 
[j]« endl; 
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} 


return 0; 


When the above code is compiled and executed, it produces the following result: 


a[0][0]: 0 
a[0][l]: 0 
a[l][0]: 1 
a[l][l]: 2 
a[2][0]: 2 
a[2][l]: 4 
a[3][0]: 3 
a[3][l]: 6 
a[4][0]: 4 




a[4][l]: 8 


As explained above, you can have arrays with any number of dimensions, 
although it is likely that most of the arrays you create will be of one or two 
dimensions. 

Pointer to an Array 

It is most likely that you would not understand this chapter until you go through 
the chapter related C++ Pointers. 

So assuming you have bit understanding on pointers in C++, let us start: An 
array name is a constant pointer to the first element of the array. Therefore, in the 
declaration: 


double balance[50]; 

balance is a pointer to &balance[0], which is the address of the first element of 
the array balance. Thus, the following program fragment assigns p the address of 
the first element ofbalance: 


double *p; 
double balanceflO]; 


p = balance; 

It is legal to use array names as constant pointers, and vice versa. Therefore, * 
(balance + 4) is a legitimate way of accessing the data at balance[4]. 
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Once you store the address of first element in p, you can access array elements 
using *p, *(p+l), *(p+2) and so on. Below is the example to show all the 
concepts discussed above: 




#include <iostream> 


using namespace std; 

int main () 

{ 

// an array with 5 elements. 

double balance[5] = {1000.0, 2.0, 3.4, 17.0, 50.0}; 
double *p; 

p = balance; 

// output each array element's value 

cout « "Array values using pointer " « endl; for (int 
i = 0; i < 5; i++ ) { 

cout « "*(p + " « i « 
"): 

cout « *(p + i) « endl; 

} 

cout « "Array values using balance as address " « 
endl; for (int i = 0; i < 5; i++ ) { 

cout « "*(balance + " « 
i « ") : "; cout « * 
(balance + i) « endl; 

} 

return 0; 



When the above code is compiled and executed, it produces the following result: 

Array values using pointer 

*(p + 0): 1000 
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*(p + 1): 2 

*(p + 2): 3.4 
*(p + 3): 17 
*(p + 4): 50 

Array values using balance as address 

*(balance + 0): 1000 

*(balance + 1): 2 

*(balance + 2): 3.4 

*(balance + 3): 17 

*(balance + 4): 50 

In the above example, p is a pointer to double which means it can store address 
of a variable of double type. Once we have address in p, then *p will give us 
value available at the address stored in p, as we have shown in the above 
example. 


Passing Arrays to Functions 




C++ does not allow to pass an entire array as an argument to a function. 
However, You can pass a pointer to an array by specifying the array's name 
without an index. 

If you want to pass a single-dimension array as an argument in a function, you 
would have to declare function formal parameter in one of following three ways 
and all three declaration methods produce similar results because each tells the 
compiler that an integer pointer is going to be received. 

Way-1 

Formal parameters as a pointer as follows: 


void myFunction(int *param) 

{ 


} 

Way-2 

Formal parameters as a sized array as follows: 


void myFunction(int param[10]) 
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{ 


} 

Way-3 

Formal parameters as an unsized array as follows: 


void myFunction(int param[]) 

{ 


} 




Now, consider the following function, which will take an array as an argument 
along with another argument and based on the passed arguments, it will return 
average of the numbers passed through the array as follows: 


double getAverage(int arr[], int size) 

{ 


int i, sum = 0; 
double avg; 


for (i = 0; i < size; ++i) 

{ 


sum += arr[i]; 


} 


avg = double(sum) / size; 




return avg; 


} 

Now, let us call the above function as follows: 

#include <iostream> 
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using namespace std; 

// function declaration: 

double getAverage(int arr[], int size); 

int main () 

{ 

// an int array with 5 elements. 

int balance[5] = {1000, 2, 3, 17, 50); double avg; 




pass pointer to the array as an argument, avg = 
getAverage( balance, 5 ); 


output the returned value 
cout « "Average value is: " « avg « endl; 

return 0; 

} 

When the above code is compiled together and executed, it produces the 
following result: 


Average value is: 214.4 

As you can see, the length of the array doesn't matter as far as the function is 
concerned because C++ performs no bounds checking for the formal parameters. 

Return Array from Functions 

C++ does not allow to return an entire array as an argument to a function. 
However, you can return a pointer to an array by specifying the array's name 
without an index. 

If you want to return a single-dimension array from a function, you would have 
to declare a function returning a pointer as in the following example: 


int * myFunctionQ 
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} 

Second point to remember is that C++ does not advocate to return the address of 
a local variable to outside of the function so you would have to define the local 
variable as staticvariable. 

Now, consider the following function, which will generate 10 random numbers 
and return them using an array and call this function as follows: 





#include <iostream> 

#include <ctime> 

using namespace std; 

function to generate and retrun random numbers, int * getRandom() 




{ 


static int r[10]; 


set the seed 

srand( (imsigned)time( NULL )); 
for (int i = 0; i < 10; ++i) 

{ 

r[i] = rand(); 
cout << r[i] « endl; 

} 


} 


return r; 


main function to call above defined function, int main () 

{ 


int *p; 


a pointer to an int. 
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p = getRandom(); 

for (int i = 0; i < 10; i++ ) 

{ 

coiit « "*(p + " « i « 
"): 

cout « *(p + i) « endl; 

} 

return 0; 


When the above code is compiled together and executed, it produces result 
something as follows: 




624723190 


1468735695 

807113585 

976495677 

613357504 

1377296355 

1530315259 


1778906708 




1820354158 


667126415 
*(p + 0) : 624723190 
*(p + 1) : 1468735695 
*(p + 2): 807113585 
*(p + 3) : 976495677 
*(p + 4) : 613357504 
*(p + 5) : 1377296355 
*(p + 6) : 1530315259 
*(p + 7) : 1778906708 
*(p + 8) : 1820354158 
*(p + 9) : 667126415 
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The C-style character string. 


The string class type introduced with Standard C++. The C-Style Character 
String 

The C-style character string originated within the C language and continues to be 
supported within C++. This string is actually a one-dimensional array of 
characters which is terminated by a null character '\0'. Thus a null-terminated 
string contains the characters that comprise the string followed by a null. 

The following declaration and initialization create a string consisting of the word 
"Hello". To hold the null character at the end of the array, the size of the 
character array containing the string is one more than the number of characters 
in the word "Hello." 


char greeting^] = {'H', ’e', T, T, 'o', '\0'}; 

If you follow the rule of array initialization, then you can write the above 
statement as follows: 


char greeting[] = "Hello"; 

Following is the memory presentation of above defined string in C/C++: 


Index 

0 

1 

2 

3 

4 

5 

Variable 

H 

e 

i 

! 

0 

\o 








Address 

0x23451 

0x23452 

0x23453 

0x23454 

0x23455 





Actually, you do not place the null character at the end of a string constant. The 
C++ compiler automatically places the '\0' at the end of the string when it 
initializes the array. Let us try to print above-mentioned string: 


#include <iostream> 


using namespace std; 
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int main () 

{ 


char greeting[6] 


{'H', ’e’, T, T, ’o', 



cout « "Greeting message: 
cout « greeting « endl; 


return 0; 


} 

When the above code is compiled and executed, it produces the following 
result: 


Greeting message: Hello 


C++ supports a wide range of functions that manipulate null-terminated 
strings: 



















































strcmp(sl, s2); 



Returns 0 if si and s2 are the same; less than 0 if sl<s2; 
greater than 


0 if sl>s2. 


strchr(sl, ch); 


Returns a pointer to the first occurrence of character ch in 
string si. 
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Returns a pointer to the first 
occurrence of string s2 in string si. 


Following example makes use of few of the above-mentioned functions: 



#include <iostream> 
#include <cstring> 

using namespace std; 


int main () 




{ 


char strl[10] = "Hello"; 
char str2[10] = "World"; 
char str3[10]; 
int len; 

copy strl into str3 strcpy( str3, strl); 
coiit « "strcpy( str3, strl):" « str3 « endl; 

concatenates strl and str2 

strcat( strl, str2); 

cout « "strcat( strl, str2):" « strl « endl; 

total lenghth of strl after concatenation len = 
strlen(strl); 

cout « "strlen(strl): " « len « endl; 
return 0; 

} 

When the above code is compiled and executed, it produces result something as 
follows: 

strcpy( str3, strl): Hello 
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strcat( strl, str2): Hello World 
strlen(strl): 10 
The String Class in C++ 

The standard C++ library provides a string class type that supports all the 
operations mentioned above, additionally much more functionality. Let us check 
the following example: 




#include <iostream> 


#include <string> 
using namespace std; 


int main () 




{ 


string strl = "Hello"; 
string str2 = "World"; 
string str3; 
int len; 

copy strl into str3 str3 = strl; 
cout « "str3 :" « str3 « endl; 

concatenates strl and str2 

str3 = strl + str2; 

cout « "strl + str2 :" « str3 « endl; 

total length of str3 after concatenation len = 
str3.size(); 

cout « "str3.size(): " « len « endl; 
return 0; 

} 

When the above code is compiled and executed, it produces result something as 
follows: 
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str3 : Hello 


strl + str2 : Hello World 
str3.size(): 10 
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The C++ Standard Library can be categorized into two parts: 

The Standard Function Library: This library 
consists of general-purpose, stand-alone functions 
that are not part of any class. The function library 
is inherited from C. 

The Object Oriented Class Library: This is a 
collection of classes and associated functions. 

Standard C++ Library incorporates all the Standard C libraries also, with small 
additions and changes to support type safety. 

The Standard Function Library 

The standard function library is divided into the following categories: 

I/O, 


String and character handling, 




Mathematical, 


Time, date, and localization, 

Dynamic allocation, 

Miscellaneous, 

Wide-character functions 
The Object Oriented Class Library 

Standard C++ Object Oriented Library defines an extensive set of classes that 
provide support for a number of common activities, including I/O, strings, and 
numeric processing. This library includes the following: 

The Standard C++ I/O Classes 
The String Class 
The Numeric Classes 
The STL Container Classes 
The STL Algorithms 
The STL Function Objects 
The STL Iterators 
The STL Allocators 


C++ 


Structure of a program 


Probably the best way to start learning a programming language is by writing a program. Therefore, here is 
our first program: 



// my first program in C++ 


Hello World! 


#include <iostream> 

using namespace std; 

int main () 

{ 


cout« "Hello World!"; 
return 0; 


} 

The first panel shows the source code for our first program. The second one shows the result of the program 
once compiled and executed. The way to edit and compile a program depends on the compiler you are 
using. Depending on whether it has a Development Interface or not and on its version. Consult the 
compilers section and the manual or help included with your compiler if you have doubts on how to 
compile a C++ console program. 

The previous program is the typical program that programmer apprentices write for the first time, and its 
result is the printing on screen of the "Hello World!" sentence. It is one of the simplest programs that can be 
written in C++, but it already contains the fundamental components that every C++ program has. We are 
going to look line by line at the code we have just written: 


// my first program in C++ 


This is a comment line. All lines beginning with two slash 
signs (//) are considered comments and do not have any 










effect on the behavior of the program. The programmer can 
use them to include short explanations or observations within 
the source code itself. In this case, the line is a brief 
description of what our program is. 


#include <iostream> 


Lines beginning with a hash sign (#) are directives for the 
preprocessor. They are not regular code lines with 
expressions but indications for the compiler's preprocessor. 
In this case the directive #include <iostream> tells the 
preprocessor to include the iostream standard file. This 
specific file (iostream) includes the declarations of the basic 
standard input-output library in C++, and it is included 
because its functionality is going to be used later in the 
program. 


using namespace std; 


All the elements of the standard C++ library are declared 
within what is called a namespace, the namespace with the 
name std. So in order to access its functionality we declare 
with this expression that we will be using these entities. This 
line is very frequent in C++ programs that use the standard 
library, and in fact it will be included in most of the source 
codes included in these tutorials. 


int main () 


This line corresponds to the beginning of the definition of the 
main function. The main function is the point by where all 
C++ programs start their execution, independently of its 
location within the source code. It does not matter whether 
there are other functions with other names defined before or 
after it - the instructions contained within this function's 
definition will always be the first ones to be executed in any 
C++ program. For that same reason, it is essential that all 
C++ programs have a main function. 

The word main is followed in the code by a pair of 
parentheses (()). That is because it is a function declaration: 
In C++, what differentiates a function declaration from other 
types of expressions are these parentheses that follow its 
name. Optionally, these parentheses may enclose a list of 
parameters within them. 

Right after these parentheses we can find the body of the 
main function enclosed in braces ({}). What is contained 
within these braces is what the function does when it is 
executed. 
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cout« "Hello World!"; 



This line is a C++ statement. A statement is a simple or 
compound expression that can actually produce some effect. 
In fact, this statement performs the only action that generates 
a visible effect in our first program. 

cout represents the standard output stream in C++, and the 
meaning of the entire statement is to insert a sequence of 
characters (in this case the Hello World sequence of 
characters) into the standard output stream (which usually is 
the screen). 

cout is declared in the iostream standard file within the std 
namespace, so that's why we needed to include that specific 
file and to declare that we were going to use this specific 
namespace earlier in our code. 

Notice that the statement ends with a semicolon character (;). 
This character is used to mark the end of the statement and in 
fact it must be included at the end of all expression 
statements in all C++ programs (one of the most common 
syntax errors is indeed to forget to include some semicolon 
after a statement). 


return 0; 


The return statement causes the main function to finish, 
return may be followed by a return code (in our example is 
followed by the return code 0). A return code of 0 for the 
main function is generally interpreted as the program worked 
as expected without any errors during its execution. This is 
the most usual way to end a C++ console program. 

You may have noticed that not all the lines of this program perform actions when the code is executed. 
There were lines containing only comments (those beginning by //). There were lines with directives for the 
compiler's preprocessor (those beginning by #). Then there were lines that began the declaration of a 
function (in this case, the main function) and, finally lines with statements (like the insertion into cout), 
which were all included within the block delimited by the braces ({}) of the main function. 

The program has been structured in different lines in order to be more readable, but in C++, we do not have 
strict rules on how to separate instructions in different lines. For example, instead of 




int main () 

{ 


coiit « M Hello World!"; 
return 0; 


} 

We could have written: 


int main () { cout « "Hello World!"; return 0; } 

All in just one line and this would have had exactly the same meaning as the previous code. 

In C++, the separation between statements is specified with an ending semicolon (;) at the end of each one, 
so the separation in different code lines does not matter at all for this purpose. We can write many 
statements per line or write a single statement that takes many code lines. The division of code in different 
lines serves only to make it more legible and schematic for the humans that may read it. 

Let us add an additional instruction to our first program: 
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// my second program in C++ 


Hello World! I'm a C++ program 


#include <iostream> 
using namespace std; 

int main () 

{ 


cout « "Hello World! 
cout « "I'm a C++ program"; 


return 0; 

} 

In this case, we performed two insertions into cout in two different statements. Once again, the separation in 
different lines of code has been done just to give greater readability to the program, since main could have 
been perfectly valid defined this way: 











int main () { coiit « M Hello World! M ; coiit « " I'm a C++ program M ; return 0; } 


We were also free to divide the code into more lines if we considered it more convenient: 


int main () 

{ 

cout« 


"Hello World!"; 

cout 


"I'm a C++ program"; return 0; 


} 

And the result would again have been exactly the same as in the previous examples. 

Preprocessor directives (those that begin by #) are out of this general rule since they are not statements. 
They are lines read and processed by the preprocessor and do not produce any code by themselves. 
Preprocessor directives must be specified in their own line and do not have to end with a semicolon (;). 

Comments 

Comments are parts of the source code disregarded by the compiler. They simply do nothing. Their purpose 
is only to allow the programmer to insert notes or descriptions embedded within the source code. 

C++ supports two ways to insert comments: 


// line comment 
/* block comment */ 

The first of them, known as line comment, discards everything from where the pair of slash signs (//) is 
found up to the end of that same line. The second one, known as block comment, discards everything 






between the /* characters and the first appearance of the */ characters, with the possibility of including 
more than one line. 

We are going to add comments to our second program: 
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/* my second program in C++ 


Hello World! I'm a C++ program 

with more comments */ 



#include <iostream> 



using namespace std; 



int main () 



{ 



cout « "Hello World! 

// prints Hello 


World! 



cout « "I'm a C++ program"; // prints I'm a 


C++ program 



return 0; 



} 




If you include comments within the source code of your programs without using the comment characters 
combinations //, /* or */, the compiler will take them as if they were C++ expressions, most likely causing 
one or several error messages when you compile it. 
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Variables. Data Types. 

The usefulness of the "Hello World" programs shown in the previous section is quite questionable. We had 
to write several lines of code, compile them, and then execute the resulting program just to obtain a simple 
sentence written on the screen as result. It certainly would have been much faster to type the output 
sentence by ourselves. However, programming is not limited only to printing simple texts on the screen. In 
order to go a little further on and to become able to write programs that perform useful tasks that really save 
us work we need to introduce the concept of variable. 

Let us think that I ask you to retain the number 5 in your mental memory, and then I ask you to memorize 
also the number 2 at the same time. You have just stored two different values in your memory. Now, if I ask 
you to add 1 to the first number I said, you should be retaining the numbers 6 (that is 5+1) and 2 in your 
memory. Values that we could now for example subtract and obtain 4 as result. 

The whole process that you have just done with your mental memory is a simile of what a computer can do 
with two variables. The same process can be expressed in C++ with the following instruction set: 


a = 5; 
b = 2; 

a = a + 1; 
result = a - b; 

Obviously, this is a very simple example since we have only used two small integer values, but consider 
that your computer can store millions of numbers like these at the same time and conduct sophisticated 
mathematical operations with them. 

Therefore, we can define a variable as a portion of memory to store a determined value. 

Each variable needs an identifier that distinguishes it from the others, for example, in the previous code the 
variable identifiers were a, b and result, but we could have called the variables any names we wanted to 
invent, as long as they were valid identifiers. 

Identifiers 

A valid identifier is a sequence of one or more letters, digits or underscore characters (_). Neither spaces nor 
punctuation marks or symbols can be part of an identifier. Only letters, digits and single underscore 




characters are valid. In addition, variable identifiers always have to begin with a letter. They can also begin 
with an underline character (_ ), but in some cases these may be reserved for compiler specific keywords or 
external identifiers, as well as identifiers containing two successive underscore characters anywhere. In no 
case they can begin with a digit. 

Another rule that you have to consider when inventing your own identifiers is that they cannot match any 
keyword of the C++ language nor your compiler’s specific ones, which are reserved keywords. The standard 
reserved keywords are: 

asm, auto, bool, break, case, catch, char, class, const, const_cast, continue, default, delete, do, double, 
dynamic_cast, else, enum, explicit, export, extern, false, float, for, friend, goto, if, inline, int, long, mutable, 
namespace, new, operator, private, protected, public, register, reinterpret_cast, return, short, signed, sizeof, 
static, static_cast, struct, switch, template, this, throw, true, try, typedef, typeid, typename, union, unsigned, 
using, virtual, void, volatile, wchar_t, while 

Additionally, alternative representations for some operators cannot be used as identifiers since they are 
reserved words under some circumstances: 

and, and_eq, bitand, bitor, compl, not, not_eq, or, or_eq, xor, xor_eq 
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Your compiler may also include some additional specific reserved keywords. 

Very important: The C++ language is a "case sensitive" language. That means that an identifier 
written in capital letters is not equivalent to another one with the same name but written in small 
letters. Thus, for example, the RESULT variable is not the same as the result variable or the Result 
variable. These are three different variable identifiers. 

Fundamental data types 

When programming, we store the variables in our computer's memory, but the computer has to know 
what kind of data we want to store in them, since it is not going to occupy the same amount of 
memory to store a simple number than to store a single letter or a large number, and they are not 
going to be interpreted the same way. 

The memory in our computers is organized in bytes. A byte is the minimum amount of memory that 
we can manage in C++. A byte can store a relatively small amount of data: one single character or a 
small integer (generally an integer between 0 and 255). In addition, the computer can manipulate 
more complex data types that come from grouping several bytes, such as long numbers or non¬ 
integer numbers. 

Next you have a summary of the basic fundamental data types in C++, as well as the range of values 
that can be represented with each one: 


Name 

Description 

Size* 

Range* 

char 

Character or small integer. 

lbyte 

signed: -128 to 127 




unsigned: 0 to 255 

short int 

Short Integer. 

2bytes 

signed: -32768 to 32767 

(short) 



unsigned: 0 to 65535 




signed: -2147483648 to 

int 

Integer. 

4bytes 

2147483647 




unsigned: 0 to 
4294967295 




signed: -2147483648 to 

long int 
(long) 

Long integer. 

4bytes 

2147483647 




unsigned: 0 to 
4294967295 

bool 

Boolean value. It can take one of two values: 

true 

lbyte 

true or false 


or false. 




ii- ii-ii-1 


















































float 

Floating point number. 

4bytes 

+/- 3.4e +/- 38 (-7 
digits) 

double 

Double precision floating point number. 

8bytes 

+/- 1.7e +/- 308 (-15 
digits) 

long double 

Long double precision floating point number. 

8bytes 

+/- 1.7e +/- 308 (-15 
digits) 

wchar_t 

Wide character. 

2 or 4 

1 wide character 



bytes 



The values of the columns Size and Range depend on the system the program is compiled for. The 
values shown above are those found on most 32-bit systems. But for other systems, the general 
specification is that int has the natural size suggested by the system architecture (one "word") and the 
four integer types char, short, int and long must each one be at least as large as the one preceding it, 
with char being always 1 byte in size. The same applies to the floating point types float, double and 
long double, where each one must provide at least as much precision as the preceding one. 

Declaration of variables 

In order to use a variable in C++, we must first declare it specifying which data type we want it to be. 
The syntax to declare a new variable is to write the specifier of the desired data type (like int, bool, 
float...) followed by a valid variable identifier. For example: 
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int a; 

float mynumber; 

These are two valid declarations of variables. The first one declares a variable of type int with the identifier 
a. The second one declares a variable of type float with the identifier mynumber. Once declared, the 
variables a and mynumber can be used within the rest of their scope in the program. 

If you are going to declare more than one variable of the same type, you can declare all of them in a single 
statement by separating their identifiers with commas. For example: 


int a, b, c; 

This declares three variables (a, b and c), all of them of type int, and has exactly the same meaning as: 


int a; 
int b; 

int c; 

The integer data types char, short, long and int can be either signed or unsigned depending on the range of 
numbers needed to be represented. Signed types can represent both positive and negative values, whereas 
unsigned types can only represent positive values (and zero). This can be specified by using either the 
specifier signed or the specifier unsigned before the type name. For example: 


unsigned short int NumberOfSisters; 
signed int MyAccountBalance; 

By default, if we do not specify either signed or unsigned most compiler settings will assume the type to be 
signed, therefore instead of the second declaration above we could have written: 

_l 

int MyAccountBalance; 

with exactly the same meaning (with or without the keyword signed) 













An exception to this general rule is the char type, which exists by itself and is considered a different 
fundamental data type from signed char and unsigned char, thought to store characters. You should use 
either signed or unsigned if you intend to store numerical values in a char-sized variable. 

short and long can be used alone as type specifiers. In this case, they refer to their respective integer 
fundamental types: short is equivalent to short int and long is equivalent to long int. The following two 
variable declarations are equivalent: 


short Year; 
short int Year; 

Finally, signed and unsigned may also be used as standalone type specifiers, meaning the same as signed int 
and unsigned int respectively. The following two declarations are equivalent: 


unsigned Next Year; 
unsigned int Next Year; 

To see what variable declarations look like in action within a program, we are going to see the C++ code of 
the example about your mental memory proposed at the beginning of this section: 
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// operating with variables|j4| 

#include <iostream> 
using namespace std; 

int main () 

{ 

declaring variables: int a, b; 
int result; 


process: 

a = 5; 

b - 2; 
a = a + 1; 

result = a - b; 

print out the result: cout « result; 
terminate the program: return 0; 

} 

Do not worry if something else than the variable declarations themselves looks a bit strange to you. You 
will see the rest in detail in coming sections. 

Scope of variables 

All the variables that we intend to use in a program must have been declared with its type specifier in an 
earlier point in the code, like we did in the previous code at the beginning of the body of the function main 
when we declared that a, b, and result were of type int. 

A variable can be either of global or local scope. A global variable is a variable declared in the main body of 
the source code, outside all functions, while a local variable is one declared within the body of a function or 
a block. 







Globa] variables 


Local variables 


Instructions 


Global variables can be referred from anywhere in the code, even inside functions, whenever it is after its 
declaration. 
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The scope of local variables is limited to the block enclosed in braces ({}) where they are declared. For 
example, if they are declared at the beginning of the body of a function (like in function main) their scope is 
between its declaration point and the end of that function. In the example above, this means that if another 
function existed in addition to main, the local variables declared in main could not be accessed from the 
other function and vice versa. 

Initialization of variables 

When declaring a regular local variable, its value is by default undetermined. But you may want a variable 
to store a concrete value at the same moment that it is declared. In order to do that, you can initialize the 
variable. There are two ways to do this in C++: 

The first one, known as c-like, is done by appending an equal sign followed by the value to which the 
variable will be initialized: 

type identifier = initial_value ; 

For example, if we want to declare an int variable called a initialized with a value of 0 at the moment in 
which it is declared, we could write: 


int a = 0; 

The other way to initialize variables, known as constructor initialization, is done by enclosing the initial 
value between parentheses (()): 

type identifier (initial_value); 

For example: 

_ _ l 

int a (0); 

Both ways of initializing variables are valid and equivalent in C++. 


// initialization of variables 

6 

#include <iostream> 



using namespace std; 



int main () 



{ 



int a=5; 

// initial value = 5 


























int b(2); 

// initial value = 2 


int result; 

// initial value 


undetermined 



a = a + 3; 



result = a - b; 



cout« result; 



return 0; 



} 

1 =< 

1 — t 


Introduction to strings 

Variables that can store non-numerical values that are longer than one single character are known as strings. 

The C++ language library provides support for strings through the standard string class. This is not a 
fundamental type, but it behaves in a similar way as fundamental types do in its most basic usage. 
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A first difference with fundamental data types is that in order to declare and use objects (variables) of this 
type we need to include an additional header file in our source code: <string> and have access to the std 
namespace (which we already had in all our previous programs thanks to the using namespace statement). 


// my first string 

This is a string 

#include <iostream> 


#include <string> 


using namespace std; 


int main () 


{ 


string mystring = "This is a string"; 


cout« mystring; 


return 0; 


} 



As you may see in the previous example, strings can be initialized with any valid string literal just like 
numerical type variables can be initialized to any valid numerical literal. Both initialization formats are 
valid with strings: 


string mystring = "This is a string"; 
string mystring ("This is a string"); 


Strings can also perform all the other basic operations that fundamental data types can, like being declared 
without an initial value and being assigned values during execution: 


































// my first string 

This is the initial string content 

#include <iostream> 

This is a different string content 

#include <string> 


using namespace std; 



int main () 

{ 


string mystring; 

mystring = "This is the initial string content"; 
coiit « mystring « endl; 

mystring = "This is a different string content"; 
coiit « mystring « endl; 

return 0; 

} 


For more details on C++ strings, you can have a look at the string class reference. 
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C onstants 


Constants are expressions with a fixed value. 

Literals 

Literals are used to express particular values within the source code of a program. We have already used 
these previously to give concrete values to variables or to express messages we wanted our programs to 
print out, for example, when we wrote: 


a = 5; 

the 5 in this piece of code was a literal constant. 

Literal constants can be divided in Integer Numerals, Floating-Point Numerals, Characters, Strings and 
Boolean Values. 

Integer Numerals 


1776 

707 

-273 

They are numerical constants that identify integer decimal values. Notice that to express a numerical 
constant we do not have to write quotes ( M ) nor any special character. There is no doubt that it is a constant: 
whenever we write 1776 in a program, we will be referring to the value 1776. 

In addition to decimal numbers (those that all of us are used to use every day) C++ allows the use as literal 
constants of octal numbers (base 8) and hexadecimal numbers (base 16). If we want to express an octal 
number we have to precede it with a 0 (zero character). And in order to express a hexadecimal number we 
have to precede it with the characters Ox (zero, x). For example, the following literal constants are all 
equivalent to each other: 


// decimal 









0113 

// 

octal 

0x4b 

// 

hexadecimal 


All of these represent the same number: 75 (seventy-five) expressed as a base-10 numeral, octal numeral 
and hexadecimal numeral, respectively. 

Literal constants, like variables, are considered to have a specific data type. By default, integer literals are 
of type int. However, we can force them to either be unsigned by appending the u character to it, or long by 
appendingl: 


//int 


7 5u 

// unsigned int 

751 

// long 

75ul 

// unsigned long 


In both cases, the suffix can be specified using either upper or lowercase letters. 

Floating Point Numbers 

They express numbers with decimals and/or exponents. They can include either a decimal point, an e 
character (that expresses "by ten at the Xth height", where X is an integer value that follows the e 
character), or both a decimal point and an e character: 
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3.14159 

// 3.14159 

6.02e23 

// 6.02 x 10 A 23 

1.6e-19 

// 

1.6 x 10 A -19 

P- 

3.0 

t 

// 

> =i 

3.0 


These are four valid numbers with decimals expressed in C++. The first number is PI, the second one is the 
number of Avogadro, the third is the electric charge of an electron (an extremely small number) -all of them 
approximated- and the last one is the number three expressed as a floating-point numeric literal. 

The default type for floating point literals is double. If you explicitly want to express a float or long double 
numerical literal, you can use the f or 1 suffixes respectively: 


3.14159L // long double 

6.02e23f // float 

Any of the letters that can be part of a floating-point numerical constant (e, f, 1) can be written using either 
lower or uppercase letters without any difference in their meanings. 

Character and string literals 

There also exist non-numerical constants, like: 


'z' 

T P T 

"Hello world" 

"How do you do?" 

The first two expressions represent single character constants, and the following two represent string literals 
composed of several characters. Notice that to represent a single character we enclose it between single 
quotes (') and to express a string (which generally consists of more than one character) we enclose it 
































between double quotes ("). 

When writing both single character and string literals, it is necessary to put the quotation marks surrounding 
them to distinguish them from possible variable identifiers or reserved keywords. Notice the difference 
between these two expressions: 


x 

'x' 

x alone would refer to a variable whose identifier isx, whereas 'x' (enclosed within single quotation marks) 
would refer to the character constant 'x'. 

Character and string literals have certain peculiarities, like the escape codes. These are special characters 
that are difficult or impossible to express otherwise in the source code of a program, like newline (\n) or tab 
(\t). All of them are preceded by a backslash (\). Here you have a list of some of such escape codes: 
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\n newline 
\r carriage return 
\t tab 

\v vertical tab 


\b backspace 








\f form feed (page feed) 

\a alert (beep) 

V single quote (') 

V double quote ( M ) 

Y? question mark (?) 

\\ backslash (\) For example: 



V 

"Left \t Right" 

"one\ntwo\nthree" 

Additionally, you can express any character by its numerical ASCII code by writing a backslash character 
(\) followed by the ASCII code expressed as an octal (base-8) or hexadecimal (base-16) number. In the first 
case (octal) the digits must immediately follow the backslash (for example \23 or \40), in the second case 
(hexadecimal), an x character must be written before the digits themselves (for example \x20 or \x4A). 

String literals can extend to more than a single line of code by putting a backslash sign (\) at the end of each 
unfinished line. 


"string expressed in \ 
two lines" 

You can also concatenate several string constants separating them by one or several blank spaces, 
tabulators, newline or any other valid blank character: 


"this forms" "a single" "string" "of characters" 


Finally, if we want the string literal to be explicitly made of wide characters (wchar_t), instead of narrow 
characters (char), we can precede the constant with the L prefix: 


L'This is a wide character string" 


Wide characters are used mainly to represent non-English or exotic character sets. 






Boolean literals 


There are only two valid Boolean values: true and false. These can be expressed in C++ as values of type 
bool by using the Boolean literals true and false. 

Defined constants (#define) 

You can define your own names for constants that you use very often without having to resort to memory¬ 
consuming variables, simply by using the #define preprocessor directive. Its format is: 
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#define identifier value 


For example: 


#define PI 3.14159 
#define NEWLINE '\n' 

This defines two new constants: PI and NEWLINE. Once they are defined, you can use them in the rest of 
the code as if they were any other regular constant, for example: 


// defined constants: calculate circumference 

31.4159 

#include <iostream> ; 



using namespace std; 



#define PI 3.14159 



#define NEWLINE V 



int main () 



{ 



double r=5.0; 

// radius 


double circle; 



circle = 2 * PI * r; 



cout« circle; 



cout« NEWLINE; 



return 0; 



} 

I i 




In fact the only thing that the compiler preprocessor does when it encounters #define directives is to literally 
replace any occurrence of their identifier (in the previous example, these were PI and NEWLINE) by the 
code to which they have been defined (3.14159 and '\n' respectively). 

The #define directive is not a C++ statement but a directive for the preprocessor; therefore it assumes the 
entire line as the directive and does not require a semicolon (;) at its end. If you append a semicolon 
character (;) at the end, it will also be appended in all occurrences within the body of the program that the 
preprocessor replaces. 












































Declared constants (const) 

With the const prefix you can declare constants with a specific type in the same way as you would do with a 
variable: 


const int pathwidth = 100; 
const char tabulator = V; 

Here, pathwidth and tabulator are two typed constants. They are treated just like regular variables except 
that their values cannot be modified after their definition. 
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Operators 

Once we know of the existence of variables and constants, we can begin to operate with them. For that 
purpose, C++ integrates operators. Unlike other languages whose operators are mainly keywords, operators 
in C++ are mostly made of signs that are not part of the alphabet but are available in all keyboards. This 
makes C++ code shorter and more international, since it relies less on English words, but requires a little of 
learning effort in the beginning. 

You do not have to memorize all the content of this page. Most details are only provided to serve as a later 
reference in case you need it. 

Assignment (=) 

The assignment operator assigns a value to a variable. 


a = 5; 

This statement assigns the integer value 5 to the variable a. The part at the left of the assignment operator 
(=) is known as the lvalue (left value) and the right one as the rvalue (right value). The lvalue has to be a 
variable whereas the rvalue can be either a constant, a variable, the result of an operation or any 
combination of these. The most important rule when assigning is the right-to-left rule: The assignment 
operation always takes place from right to left, and never the other way: 


a = b; 

This statement assigns to variable a (the lvalue) the value contained in variable b (the rvalue). The value 
that was stored until this moment in a is not considered at all in this operation, and in fact that value is lost. 

Consider also that we are only assigning the value of b to a at the moment of the assignment operation. 
Therefore a later change of b will not affect the new value of a. 

For example, let us have a look at the following code -1 have included the evolution of the content stored in 
the variables as comments: 


// assignment operator 


a:4 b:7 

#include <iostream> 




using namespace std; 




int main () 
































{ 




int a, b; 

// a:?, 

b:? 


a = 10; 

// a:10, b:? 


b = 4; 

// a:10, b:4 


a = b; 

// a:4, 

b:4 


b = 7; 

// a:4, 

b:7 


cout« M a: M ; 




cout« a; 




cout« M b: M ; 




cout« b; 




return 0; 




} 





This code will give us as result that the value contained in a is 4 and the one contained in b is 7. Notice how 
a was not affected by the final modification of b, even though we declared a = b earlier (that is because of 
the right-to-left rule). 
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A property that C++ has over other programming languages is that the assignment operation can be 
used as the rvalue (or part of an rvalue) for another assignment operation. For example: 


a = 2 + (b = 5); 
is equivalent to: 


b = 5; 
a = 2 + b; 

that means: first assign 5 to variable b and then assign to a the value 2 plus the result of the previous 
assignment of b (i.e. 5), leaving a with a final value of 7. 

The following expression is also valid in C++: 

_l 

a = b = c = 5; 

It assigns 5 to the all the three variables: a, b and c. 

Arithmetic operators ( +, *,/,%) 

The five arithmetical operations supported by the C++ language are: 


+ addition 

subtraction * multiplication / division %modulo 

Operations of addition, subtraction, multiplication and division literally correspond with their 
respective mathematical operators. The only one that you might not be so used to see is modulo; 
whose operator is the percentage sign (%). Modulo is the operation that gives the remainder of a 
division of two values. For example, if we write: 


a = 11 % 3; 


the variable a will contain the value 2, since 2 is the remainder from dividing 11 between 3. 















Compound assignment (+=, -=, *=, /=, %=, »=, «=, &=, A =, 

i=) 

When we want to modify the value of a variable by performing an operation on the value currently 
stored in that variable we can use compound assignment operators: 


expression 


is equivalent to 

value += increase; 

value 

= value + increase; 

a -= 5; 

a = a 

-5; 

a /= b; 

a = a 

/ b; 

price *= units + 1; 

price 

= price * (units + 1); 


and the same for all other operators. For example: 
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// compound assignment operators 


5 


#include <iostream> 
using namespace std; 

int main () 

{ 


int a, b=3; 
a = b; 


a+=2; 
cout« a; 


// equivalent to a=a+2 













return 0; 

} 

Increase and decrease (++, —) 

Shortening even more some expressions, the increase operator (++) and the decrease operator (--) 
increase or reduce by one the value stored in a variable. They are equivalent to +=1 and to -=1, 
respectively. Thus: 


C++; 


c+=l; 

c=c+l; 

are all equivalent in its functionality: the three of them increase by one the value of c. 

In the early C compilers, the three previous expressions probably produced different executable code 
depending on which one was used. Nowadays, this type of code optimization is generally done 
automatically by the compiler, thus the three expressions should produce exactly the same executable 
code. 

A characteristic of this operator is that it can be used both as a prefix and as a suffix. That means that 
it can be written either before the variable identifier (++a) or after it (a++). Although in simple 
expressions like a++ or ++a both have exactly the same meaning, in other expressions in which the 
result of the increase or decrease operation is evaluated as a value in an outer expression they may 
have an important difference in their meaning: In the case that the increase operator is used as a 
prefix (++a) the value is increased before the result of the expression is evaluated and therefore the 
increased value is considered in the outer expression; in case that it is used as a suffix (a++) the value 
stored in a is increased after being evaluated and therefore the value stored before the increase 
operation is evaluated in the outer expression. Notice the difference: 


Example 1 

Example 2 

B=3; 

B=3; 

A=++B; 

A=B++; 

// A contains 4, B contains 4 

// A contains 3, B contains 4 


In Example 1, B is increased before its value is copied to A. While in Example 2, the value of B is 
copied to A and then B is increased. 

Relational and equality operators ( ==, !=,>,<,>=,<=) 

In order to evaluate a comparison between two expressions we can use the relational and equality 
operators. The result of a relational operation is a Boolean value that can only be true or false, 
according to its Boolean result. 

We may want to compare two expressions, for example, to know if they are equal or if one is greater 
than the other is. Here is a list of the relational and equality operators that can be used in C++: 
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==Equal to 
!= Not equal to 

Greater than < Less than >=Greater than or equal to <=Less than or equal to 
Here there are some examples: 


(7 == 5) // evaluates to false. 


(5 

(3 

(6 

(5 


>4) 

// evaluates to true. 

!=2) 

// evaluates to true. 

>= 6) 

// evaluates to true. 

< 5) 

// evaluates to false. 


Of course, instead of using only numeric constants, we can use any valid expression, including variables. 
Suppose that a=2, b=3 and c=6, 


(a == 5) 


// evaluates to false since a is not equal to 5. 






(a*b >= c) 


// evaluates to true since (2*3 >= 6) is true. 


(b+4 > a*c) // evaluates to false since (3+4 > 2*6) is false. 

((b=2) == a) // evaluates to true. 

Be careful! The operator = (one equal sign) is not the same as the operator == (two equal signs), the first 
one is an assignment operator (assigns the value at its right to the variable at its left) and the other one (==) 
is the equality operator that compares whether both expressions in the two sides of it are equal to each other. 
Thus, in the last expression ((b=2) == a), we first assigned the value 2 to b and then we compared it to a, 
that also stores the value 2, so the result of the operation is true. 

Logical operators (!, &&, ||) 

The Operator ! is the C++ operator to perform the Boolean operation NOT, it has only one operand, located 
at its right, and the only thing that it does is to inverse the value of it, producing false if its operand is true 
and true if its operand is false. Basically, it returns the opposite Boolean value of evaluating its operand. For 
example: 


!(5 == 5) 

// evaluates to false because the expression at its right (5 == 5) is true. 

'35 

A 

II 

// evaluates to true because (6 <= 4) would be false. 

!true 

// evaluates to false 

! false 

// evaluates to true. 


The logical operators && and || are used when evaluating two expressions to obtain a single relational 
result. The operator && corresponds with Boolean logical operation AND. This operation results true if 
both its two operands are true, and false otherwise. The following panel shows the result of operator && 
evaluating the expression a && b: 

&& OPERATOR 


b a && b 

true true true true falsefalse falsetrue false falsefalsefalse 

The operator || corresponds with Boolean logical operation OR. This operation results true if either one of 
its two operands is true, thus being false only when both operands are false themselves. Here are the 
possible results of a || b: 
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OPERATOR 



b a || b 

true true true true falsetrue falsetrue true falsefalsefalse 
For example: 


(5 == 5) && (3 > 6)) // evaluates to false (true && false ). 

(5 == 5) || (3 > 6)) // evaluates to true (true || false ). 

Conditional operator (?) 

The conditional operator evaluates an expression returning a value if that expression is true and a different 
one if the expression is evaluated as false. Its format is: 

condition ? resultl : result2 

If condition is true the expression will return resultl, if it is not it will return result2. 


7==5 ? 4 : 3 // returns 3, since 7 is not equal to 5. 

7 == 5+2 ? 4 : 3 // returns 4, since 7 is equal to 5+2. 


5>3 ? a : b // returns the value of a, since 5 is greater than 3. 


a>b ? a:b 


// returns whichever is greater, a or b. 














conditional operator^ 


// 


7 


#include <iostream> 


using namespace std; 


int main () 

{ 


int a,b,c; 


a-2; 

b=7; 







c = (a>b) ? a : b; 


coiit« c; 
return 0; 

} 

In this example a was 2 and b was 7, so the expression being evaluated (a>b) was not true, thus the first 
value specified after the question mark was discarded in favor of the second value (the one after the colon) 
which was b, with a value of 7. 

Comma operator (,) 

The comma operator (,) is used to separate two or more expressions that are included where only one 
expression is expected. When the set of expressions has to be evaluated for a value, only the rightmost 
expression is considered. 

For example, the following code: 


a = (b=3, b+2); 
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Would first assign the value 3 to b, and then assign b+2 to variable a. So, at the end, variable a would 
contain the value 5 while variable b would contain value 3. 

Bitwise Operators ( &, |, A , ~, «, » ) 

Bitwise operators modify variables considering the bit patterns that represent the values they store. 


operator 

asm equivalent 

description 

& 

AND 

Bitwise AND 


OR 

Bitwise Inclusive OR 

A 

XOR 

Bitwise Exclusive OR 

rsj 

NOT 

Unary complement (bit inversion) 

« 

SHL 

Shift Left 

» 

SHR 

Shift Right 


Explicit type casting operator 

Type casting operators allow you to convert a datum of a given type to another. There are several 
ways to do this in C++. The simplest one, which has been inherited from the C language, is to 
precede the expression to be converted by the new type enclosed between parentheses (()): 


int i; 

float f = 3.14; 
i = (int) f; 


The previous code converts the float number 3.14 to an integer value (3), the remainder is lost. Here, 
the typecasting operator was (int). Another way to do the same thing in C++ is using the functional 
notation: preceding the expression to be converted by the type and enclosing the expression between 
parentheses: 


i — int (f); 


Both ways of type casting are valid in C++. 


































sizeof() 

This operator accepts one parameter, which can be either a type or a variable itself and returns the 
size in bytes of that type or object: 


a = sizeof (char); 

This will assign the value 1 to a because char is a one-byte long type. 

The value returned by sizeof is a constant, so it is always determined before program execution. 


Other operators 

Later in these tutorials, we will see a few more operators, like the ones referring to pointers or the 
specifics for object-oriented programming. Each one is treated in its respective section. 


Precedence of operators 


When writing complex expressions with 
operand is evaluated first and which later. 


several operands, we may have some doubts about which 
For example, in this expression: 


a = 5 + 7 % 2 
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we may doubt if it really means: 



a = 5 + (7 % 2) // with a result of 6, or 

a = (5 + 7) % 2 // with a result of 0 

The correct answer is the first of the two expressions, with a result of 6. There is an established order 
with the priority of each operator, and not only the arithmetic ones (those whose preference come 
from mathematics) but for all the operators which can appear in C++. From greatest to lowest 
priority, the priority order is as follows: 


Level 

Operator 

Description 

Grouping j 

i 

• • 

• • 

scope 

Left-to- 




right 

2 

() [] • -> ++ — dynamic cast static cast 

postfix 

Left-to- 


reinterpret cast const cast typeid 


right 


++ — ! sizeof new delete 

unary (prefix) 


3 

* & 

indirection and 
reference 

Right-to- 



(pointers) 

left 


+ - 

unary sign operator 


4 

(type) 

type casting 

Right-to- 




left 

5 

* _>* 

pointer-to-member 

Left-to- 




right 

6 

*/% 

multiplicative 

Left-to- 




right 

7 

+ - 

additive 

Left-to- 




right 

8 

« » 

shift 

Left-to- 




right 

9 

<><=>= 

relational 

Left-to- 




right 

10 

• 

equality 

Left-to- 

f 
























































































right 


11 

& 

bitwise AND 

Left-to- 




right 

12 

A 

bitwise XOR 

Left-to- 




right 

13 


bitwise OR 

Left-to- 




right 

14 

&& 

logical AND 

Left-to- 




right 

15 


logical OR 

Left-to- 




right 

16 

?• 

• • 

conditional 

Right-to- 





left 

17 

= *= /= %= += -= »= «= &= A = = 

assignment 

Right-to- 





left 

18 


comma 

Left-to- 




right 


Grouping defines the precedence order in which operators are evaluated in the case that there are 
several operators of the same level in an expression. 

All these precedence levels for operators can be manipulated or become more legible by removing 
possible ambiguities using parentheses signs ( and ), as in this example: 


a = 5 + 7 % 2; 
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might be written either as: 

_l 

a = 5 + (7 % 2); 
or 

_J 

a = (5 + 7) % 2; 

depending on the operation that we want to perform. 

So if you want to write complicated expressions and you are not completely sure of the precedence levels, 
always include parentheses. It will also become a code easier to read. 
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Basic Input/Output 

Until now, the example programs of previous sections provided very little interaction with the user, if any at 
all. Using the standard input and output library, we will be able to interact with the user by printing 
messages on the screen and getting the user's input from the keyboard. 

C++ uses a convenient abstraction called streams to perform input and output operations in sequential 
media such as the screen or the keyboard. A stream is an object where a program can either insert or extract 
characters to/from it. We do not really need to care about many specifications about the physical media 
associated with the stream - we only need to know it will accept or provide characters sequentially. 

The standard C++ library includes the header file iostream, where the standard input and output stream 
objects are declared. 

Standard Output (cout) 

By default, the standard output of a program is the screen, and the C++ stream object defined to access it is 
cout. 

cout is used in conjunction with the insertion operator , which is written as « (two "less than" signs). 


cout « "Output sentence"; // 

prints Output 

sentence on screen 

i 

cout« 120; 

// 

prints number 

120 on screen 


cout« x; 

i =t 

// 

> i 

prints the content of x on screen 



The « operator inserts the data that follows it into the stream preceding it. In the examples above it 
inserted the constant string Output sentence, the numerical constant 120 and variable x into the standard 
output stream cout. Notice that the sentence in the first instruction is enclosed between double quotes (") 
because it is a constant string of characters. Whenever we want to use constant strings of characters we 
must enclose them between double quotes (") so that they can be clearly distinguished from variable names. 
For example, these two sentences have very different results: 


cout 

« 

"Hello"; 

// 

prints 

Hello | 

cout 

« 

Hello; 

// 

prints 

the content of Hello variable 


The insertion operator («) may be used more than once in a single statement: 


cout « "Hello," « "I am " « "a C++ statement"; 


This last statement would print the message Hello, I am a C++ statement on the screen. The utility of 



















































repeating the insertion operator («) is demonstrated when we want to print out a combination of variables 
and constants or more than one variable: 


cout « "Hello, I am " « age « " years old and my zipcode is " « zipcode; 

If we assume the age variable to contain the value 24 and the zipcode variable to contain 90064 the output 
of the previous statement would be: 


Hello, I am 24 years old and my zipcode is 90064 

It is important to notice that cout does not add a line break after its output unless we explicitly indicate it, 
therefore, the following statements: 
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coiit « "This is a sentence."; 
cout « "This is another sentence."; 

will be shown on the screen one following the other without any line break between them: 

This is a sentence.This is another sentence. 

even though we had written them in two different insertions into cout. In order to perform a line break on 
the output we must explicitly insert a new-line character into cout. In C++ a new-line character can be 
specified as \n (backslash, n): 


cout « "First sentenceAn "; 

cout « "Second sentenceAnThird sentence."; 

This produces the following output: 

First sentence. 

Second sentence. 

Third sentence. 

Additionally, to add a new-line, you may also use the endl manipulator. For example: 


cout « "First sentence." « endl; 
cout « "Second sentence." « endl; 

would print out: 


First sentence. 
Second sentence. 



The endl manipulator produces a newline character, exactly as the insertion of '\n' does, but it also has an 
additional behavior when it is used with buffered streams: the buffer is flushed. Anyway, cout will be an 
unbuffered stream in most cases, so you can generally use both the \n escape character and the endl 
manipulator in order to specify a new line without any difference in its behavior. 

Standard Input (cin). 

The standard input device is usually the keyboard. Handling the standard input in C++ is done by applying 
the overloaded operator of extraction (») on the cin stream. The operator must be followed by the variable 
that will store the data that is going to be extracted from the stream. For example: 


int age; 
cin » age; 


The first statement declares a variable of type int called age, and the second one waits for an input from cin 
(the keyboard) in order to store it in this integer variable. 

cin can only process the input from the keyboard once the RETURN key has been pressed. Therefore, even 
if you request a single character, the extraction from cin will not process the input until the user presses 
RETURN after the character has been introduced. 

You must always consider the type of the variable that you are using as a container with cin extractions. If 
you request an integer you will get an integer, if you request a character you will get a character and if you 
request a string of characters you will get a string of characters. 
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// i/o example 

#include <iostream> 
using namespace std; 

int main () 

{ 


int i; 


cout « "Please enter an integer value: cin » i; 

cout « "The value you entered is " « i; cout « " and its double is 


« i*2 « "An"; return 






0 ; 


} 


Please enter an integer value: 702 

The value you entered is 702 and its double is 1404. 


The user of a program may be one of the factors that generate errors even in the simplest programs that use 
cin (like the one we have just seen). Since if you request an integer value and the user introduces a name 
(which generally is a string of characters), the result may cause your program to misoperate since it is not 
what we were expecting from the user. So when you use the data input provided by cin extractions you will 
have to trust that the user of your program will be cooperative and that he/she will not introduce his/her 
name or something similar when an integer value is requested. A little ahead, when we see the stringstream 
class we will see a possible solution for the errors that can be caused by this type of user input. 

You can also use cin to request more than one datum input from the user: 


cin » a » b; 


is equivalent to: 


cin » a; 
cin » b; 

In both cases the user must give two data, one for variable a and another one for variable b that may be 
separated by any valid blank separator: a space, a tab character or a newline. 

cin and strings 

We can use cin to get strings with the extraction operator (») as we do with fundamental data type 
variables: 


cin » mystring; 

However, as it has been said, cin extraction stops reading as soon as if finds any blank space character, so in 
this case we will be able to get just one word for each extraction. This behavior may or may not be what we 
want; for example if we want to get a sentence from the user, this extraction operation would not be useful. 

In order to get entire lines, we can use the function getline, which is the more recommendable way to get 
user input with cin: 








31 




cin with strings #include <iostream> #include <string> using namespace std; 
int main () 

{ 


string mystr; 

cout « "What's your name? getline (cin, mystr); 









coiit « "Hello " « mystr « "An"; cout « "What is your favorite team? "; getline (cin, 
mystr); 


cout « "I like " « mystr « " too!\n"; return 0; 


} 


What's your name? Juan SouliA A^A Vi Hello Juan SouliA A^AVi. 
What is your favorite team? The Isotopes I like The Isotopes too! 


Notice how in both calls to getline we used the same string identifier (mystr). What the program does in the 
second call is simply to replace the previous content by the new one that is introduced. 

stringstream 

The standard header file <sstream> defines a class called stringstream that allows a string-based object to be 
treated as a stream. This way we can perform extraction or insertion operations from/to strings, which is 
especially useful to convert strings to numerical values and vice versa. For example, if we want to extract 
an integer from a string we can write: 


string mystr ("1204"); 
int myint; 

stringstream(mystr) » myint; 

This declares a string object with a value of "1204", and an int object. Then we use stringstream's 
constructor to construct an object of this type from the string object. Because we can use stringstream 
objects as if they were streams, we can extract an integer from it as we would have done on cin by applying 
the extractor operator (») on it followed by a variable of type int. 

After this piece of code, the variable myint will contain the numerical value 1204. 


// stringstreams 

Enter price: 22.25 

#include <iostream> 

Enter quantity: 7 

#include <string> 

Total price: 155.75 

#include <sstream> 


using namespace std; 


int main () 





























{ 


string mystr; 


float price=0; 


int quantity=0; 


cout « "Enter price: 


getline (cin,mystr); 


stringstream(mystr) » price; 


cout « "Enter quantity: "; 


getline (cin,mystr); 


stringstream(mystr) » quantity; 


cout « "Total price: " « price*quantity « 


endl; 


return 0; 


} 



In this example, we acquire numeric values from the standard input indirectly. Instead of extracting numeric 
values directly from the standard input, we get lines from the standard input (cin) into a string object 
(mystr), and then we extract the integer values from this string into a variable of type int (quantity). 
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Using this method, instead of direct extractions of integer values, we have more control over what happens 
with the input of numeric values from the user, since we are separating the process of obtaining input from 
the user (we now simply ask for lines) with the interpretation of that input. Therefore, this method is usually 
preferred to get numerical values from the user in all programs that are intensive in user input. 
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Control Structures 

Control Structures 


A program is usually not limited to a linear sequence of instructions. During its process it may bifurcate, 
repeat code or take decisions. For that purpose, C++ provides control structures that serve to specify what 
has to be done by our program, when and under which circumstances. 

With the introduction of control structures we are going to have to introduce a new concept: the compound- 
statement or block. A block is a group of statements which are separated by semicolons (;) like all C++ 
statements, but grouped together in a block enclosed in braces: { }: 

{ statement 1; statement2; statement3; } 

Most of the control structures that we will see in this section require a generic statement as part of its 
syntax. A statement can be either a simple statement (a simple instruction ending with a semicolon) or a 
compound statement (several instructions grouped in a block), like the one just described. In the case that 
we want the statement to be a simple statement, we do not need to enclose it in braces ({}). But in the case 
that we want the statement to be a compound statement it must be enclosed between braces ({}), forming a 
block. 

Conditional structure: if and else 

The if keyword is used to execute a statement or block only if a condition is fulfilled. Its form is: 
if (condition) statement 

Where condition is the expression that is being evaluated. If this condition is true, statement is executed. If 
it is false, statement is ignored (not executed) and the program continues right after this conditional 
structure. 

For example, the following code fragment prints x is 100 only if the value stored in the x variable is indeed 
100: 


if (x == 100) 


cout « "x is 100 M ; 

If we want more than a single statement to be executed in case that the condition is true we can specify a 
block using braces { }: 





if (x == 100) 

{ 


cout « "x is 
cout« x; 


} 

We can additionally specify what we want to happen if the condition is not fulfilled by using the keyword 
else. Its form used in conjunction with if is: 

if (condition) statementl else statement2 

For example: 
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if (x == 100) 


coiit « M x is 100"; 

else 

cout « "x is not 100"; 

prints on the screen x is 100 if indeed x has a value of 100, but if it has not -and only if not- it prints out x is 
not 100. 

The if + else structures can be concatenated with the intention of verifying a range of values. The following 
example shows its use telling if the value currently stored in x is positive, negative or none of them (i.e. 
zero): 


if (x > 0) 


cout « "x is positive"; 

else if (x < 0) 

cout « "x is negative"; 

else 

cout « "x is 0"; 

Remember that in case that we want more than a single statement to be executed, we must group them in a 
block by enclosing them in braces { }. 








Iteration structures (loops) 

Loops have as purpose to repeat a statement a certain number of times or while a condition is fulfilled. 

The while loop 

Its format is: 

while (expression) statement 

and its functionality is simply to repeat statement while the condition set in expression is true. 

For example, we are going to make a program to countdown using a while-loop: 


// custom countdown using while 

Enter the starting number > 8 


8, 7, 6, 5, 4, 3, 2, 1, FIRE! 

#include <iostream> 


using namespace std; 


int main () 


{ 


int n; 


cout « "Enter the starting number > 


cin » n; 


while (n>0) { 


cout « n « ", "; 


-n; 


> 


cout« "FIRE!\n"; 


return 0; 


} 



When the program starts the user is prompted to insert a starting number for the countdown. Then the while 
loop begins, if the value entered by the user fulfills the condition n>0 (that n is greater than zero) the block 
that follows the condition will be executed and repeated while the condition (n>0) remains being true. 

The whole process of the previous program can be interpreted according to the following script (beginning 
in main): 
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User assigns a value to n 

The while condition is checked (n>0). At this point there are two 
posibilities: 


condition is true: statement is executed (to step 3) 
condition is false: ignore statement and continue 
after it (to step 5) 

Execute statement: cout « n « ", --n; 

(prints the value of n on the screen and decreases n by 1) 

End of block. Return automatically to step 2 

Continue the program right after the block: print FIRE! and end 
program. 

When creating a while-loop, we must always consider that it has to end at some point, therefore we must 
provide within the block some method to force the condition to become false at some point, otherwise the 
loop will continue looping forever. In this case we have included —n; that decreases the value of the variable 
that is being evaluated in the condition (n) by one - this will eventually make the condition (n>0) to become 
false after a certain number of loop iterations: to be more specific, when n becomes 0, that is where our 
while-loop and our countdown end. 

Of course this is such a simple action for our computer that the whole countdown is performed instantly 
without any practical delay between numbers. 

The do-while loop 

Its format is: 

do statement while (condition); 

Its functionality is exactly the same as the while loop, except that condition in the do-while loop is 
evaluated after the execution of statement instead of before, granting at least one execution of statement 
even if condition is never fulfilled. For example, the following example program echoes any number you 
enter until you enter 0. 


// number echoer 

Enter number (0 to end): 12345 


You entered: 12345 

#include <iostream> 

Enter number (0 to end): 160277 

using namespace std; 

You entered: 160277 

























Enter number (0 to end): 0 

int main () 

You entered: 0 

{ 


unsigned long n; 


do { 


cout « "Enter number (0 to end): "; 


cin » n; 


cout « "You entered: " « n « "\n"; 


} while (n != 0); 


return 0; 


} 



The do-while loop is usually used when the condition that has to determine the end of the loop is 
determined within the loop statement itself, like in the previous case, where the user input within the block 
is what is used to determine if the loop has to end. In fact if you never enter the value 0 in the previous 
example you can be prompted for more numbers forever. 

The for loop 

Its format is: 

for (initialization; condition; increase) statement; 
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and its main function is to repeat statement while condition remains true, like the while loop. But in 
addition, the for loop provides specific locations to contain an initialization statement and an increase 
statement. So this loop is specially designed to perform a repetitive action with a counter which is 
initialized and increased on each iteration. 

It works in the following way: 


initialization is executed. Generally it is an initial value setting for a 
counter variable. This is executed only once. 

condition is checked. If it is true the loop continues, otherwise the 
loop ends and statement is skipped (not executed). 

statement is executed. As usual, it can be either a single statement 
or a block enclosed in braces { }. 

finally, whatever is specified in the increase field is executed and 
the loop gets back to step 2. 


Here is an example of countdown using a for loop: 




// countdown using a for loop 

10, 9, 8, 7, 6, 5, 4, 3, 2, 1, FIRE! 

#include <iostream> 


using namespace std; 


int main () i 


{ 


for (int n=10; n>0; n—) { 


cout « n « ", 


} 


cout« "FIRE!\n"; 


return 0; 


} 



The initialization and increase fields are optional. They can remain empty, but in all cases the semicolon 
signs between them must be written. For example we could write: for (;n<10;) if we wanted to specify no 
initialization and no increase; or for (;n<10;n++) if we wanted to include an increase field but no 
initialization (maybe because the variable was already initialized before). 

Optionally, using the comma operator (,) we can specify more than one expression in any of the fields 





































included in a for loop, like in initialization, for example. The comma operator (,) is an expression separator, 
it serves to separate more than one expression where only one is generally expected. For example, suppose 
that we wanted to initialize more than one variable in our loop: 


for ( n=0, i=100 ; n!=i; n++, i— ) 


{ 


// whatever here. 


} 


This loop will execute for 50 times if neither n or i are modified within the loop: 



+ Condition 


+- ImZJ'fiilK.Fl 


n starts with a value ofO, and i with 100, the condition is n!=i (that n is not equal toi). Because n is increased 
by one and i decreased by one, the loop's condition will become false after the 50th loop, when both n and i 
will be equal to 50. 
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Jump statements. 

The break statement 



Using break we can leave a loop even if the condition for its end is not fulfilled. It can be used to end an 
infinite loop, or to force it to end before its natural end. For example, we are going to stop the count down 
before its natural end (maybe because of an engine check failure?): 




// break loop example 


10, 9, 8, 7, 6, 5, 4, 3, countdown aborted! 


#include <iostream> 
using namespace std; 

int main () 

{ 

int n; 


for (n=10; n>0; n—) 

{ 


cout « n « M 


! 

> 


». 


if (n==3) 

{ 


cout« "countdown aborted!"; 
break; 


} 

} 

return 0; 

} 

The continue statement 

The continue statement causes the program to skip the rest of the loop in the current iteration as if the end of 
the statement block had been reached, causing it to jump to the start of the following iteration. For example, 
we are going to skip the number 5 in our countdown: 


// continue loop example 

10, 9, 8, 7, 6, 4, 3, 2, 1, FIRE! 

#include <iostream> 


using namespace std; 
























int main () 


{ 


for (int n=10; n>0; n—) { 


if (n==5) continue; 


cout « n « ", 


} 


cout« "FIRE!\n"; 


return 0; 


} 



The goto statement 

goto allows to make an absolute jump to another point in the program. You should use this feature with 
caution since its execution causes an unconditional jump ignoring any type of nesting limitations. 

The destination point is identified by a label, which is then used as an argument for the goto statement. A 
label is made of a valid identifier followed by a colon (:). 

Generally speaking, this instruction has no concrete use in structured or object oriented programming aside 
from those that low-level programming fans may find for it. For example, here is our countdown loop using 
goto: 
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// goto loop example 


10, 9, 8, 7, 6, 5, 4, 3, 2, 1, FIRE! 


#include <iostream> 
using namespace std; 

int main () 

{ 


int n=10; 
loop: 













coiit « n « M , M ; 
n-; 

if (n>0) goto loop; 
coiit« M FIRE!\n M ; 

return 0; 

} 

The exit function 

exit is a function defined in the cstdlib library. 

The purpose of exit is to terminate the current program with a specific exit code. Its prototype is: 

I 

void exit (int exitcode); 

The exitcode is used by some operating systems and may be used by calling programs. By convention, an 
exit code of 0 means that the program finished normally and any other value means that some error or 
unexpected results happened. 

The selective structure: switch. 

The syntax of the switch statement is a bit peculiar. Its objective is to check several possible constant values 
for an expression. Something similar to what we did at the beginning of this section with the concatenation 
of several if and else if instructions. Its form is the following: 

switch (expression) 

{ 


case constant 1: 


group of statements 1; 
break; 


case constant2: 

group of statements 2; 
break; 


default: 


default group of statements 


} 


It works in the following way: switch evaluates expression and checks if it is equivalent to constantl, if it is, 




it executes group of statements 1 until it finds the break statement. When it finds this break statement the 
program jumps to the end of the switch selective structure. 

If expression was not equal to constantl it will be checked against constant2. If it is equal to this, it will 
execute group of statements 2 until a break keyword is found, and then will jump to the end of the switch 
selective structure. 

Finally, if the value of expression did not match any of the previously specified constants (you can include 
as many case labels as values you want to check), the program will execute the statements included after the 
default: label, if it exists (since it is optional). 
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Both of the following code fragments have the same behavior: 


switch example 

if-else equivalent 



switch (x) { 

i— 

i—b 

IxT 

II 

II 

1—^ 

case 1: 

cout « "x is 1"; 

cout « "x is 1"; 

} 

break; 

else if (x == 2) { 

case 2: 

cout « "x is 2"; 

cout « "x is 2"; 

} 

break; 

else { 

default: 

cout « "value of x unknown"; 

cout « "value of x unknown"; 

} 

} 



The switch statement is a bit peculiar within the C++ language because it uses labels instead of 
blocks. This forces us to put break statements after the group of statements that we want to be 
executed for a specific condition. Otherwise the remainder statements -including those corresponding 
to other labels- will also be executed until the end of the switch selective block or a break statement 
is reached. 

For example, if we did not include a break statement after the first group for case one, the program 
will not automatically jump to the end of the switch selective block and it would continue executing 
the rest of statements until it reaches either a break instruction or the end of the switch selective 
block. This makes unnecessary to include braces { } surrounding the statements for each of the cases, 
and it can also be useful to execute the same block of instructions for different possible values for the 
expression being evaluated. For example: 











































switch (x) { 


case 1: 

case 2: 
case 3: 


coiit « M x is 1, 2 or 3"; 


break; 


default: 


cout « M x is not 1, 2 nor 3"; 


} 

Notice that switch can only be used to compare an expression against constants. Therefore we cannot 
put variables as labels (for example case n: where n is a variable) or ranges (case (1..3):) because 
they are not valid C++ constants. 

If you need to check ranges or values that are not constants, use a concatenation of if and else if 
statements. 
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Functions (I) 

Using functions we can structure our programs in a more modular way, accessing all the potential that 
structured programming can offer to us in C++. 

A function is a group of statements that is executed when it is called from some point of the program. The 
following is its format: 

type name ( parameterl, parameter2,...) { statements } 
where: 


type is the data type specifier of the data returned by the function. 

name is the identifier by which it will be possible to call the 
function. 

parameters (as many as needed): Each parameter consists of a data 
type specifier followed by an 

identifier, like any regular variable declaration (for example: 
int x) and which acts within the function as a regular local 
variable. They allow to pass arguments to the function when 
it is called. The different parameters are separated by 
commas. 

statements is the function's body. It is a block of statements 
surrounded by braces { }. 


Here you have the first function example: 




// function example 

The result is 8 

#include <iostream> 


using namespace std; 


int addition (int a, int b) 


{ 


int r; 


r=a+b; 


return (r); 



II-1 
































} 


int main () 


{ 


int z; 


z = addition (5,3); 


cout « "The result is " « z; 


return 0; 


} 



In order to examine this code, first of all remember something said at the beginning of this tutorial: a C++ 
program always begins its execution by the main function. So we will begin there. 


We can see how the main function begins by declaring the variable z of type int. Right after that, we see a 
call to a function called addition. Paying attention we will be able to see the similarity between the structure 
of the call to the function and the declaration of the function itself some code lines above: 

int aiicH tl on (int a, int b) * = addition ( 5 t 3 |; 


The parameters and arguments have a clear correspondence. Within the main function we called to addition 
passing two values: 5 and 3, that correspond to the int a and int b parameters declared for function addition. 
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At the point at which the function is called from within main, the control is lost by main and passed to 
function addition. The value of both arguments passed in the call (5 and3) are copied to the local variables 
int a and int b within the function. 

Function addition declares another local variable (int r), and by means of the expression r=a+b, it assigns to 
r the result of a plus b. Because the actual parameters passed for a and b are 5 and 3 respectively, the result 
is 8. 

The following line of code: 


return (r); 

finalizes function addition, and returns the control back to the function that called it in the first place (in this 
case, main). At this moment the program follows it regular course from the same point at which it was 
interrupted by the call to addition. But additionally, because the return statement in function addition 
specified a value: the content of variable r(return (r);), which at that moment had a value of 8. This value 
becomes the value of evaluating the function call. 

int Addition (Int a, int b)i z — addition ( 5 , 3 I; 


So being the value returned by a function the value given to the function call itself when it is evaluated, the 
variable z will be set to the value returned by addition (5, 3), that is 8. To explain it another way, you can 
imagine that the call to a function (addition (5,3)) is literally replaced by the value it returns (8). 

The following line of code in main is: 


cout « "The result is " « z; 


That, as you may already expect, produces the printing of the result on the screen. 





42 







Scope of variables 


The scope of variables declared within a function or any other inner block is only their own function or their 
own block and cannot be used outside of them. For example, in the previous example it would have been 
impossible to use the variables a, b or r directly in function main since they were variables local to function 
addition. Also, it would have been impossible to use the variable z directly within function addition, since 
this was a variable local to the function main. 
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Therefore, the scope of local variables is limited to the same block level in which they are declared. 
Nevertheless, we also have the possibility to declare global variables; These are visible from any point of 
the code, inside and outside all functions. In order to declare global variables you simply have to declare the 
variable outside any function or block; that means, directly in the body of the program. 

And here is another example about functions: 
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// function example 

The first result is 5 

#include <iostream> 

The second result is 5 

using namespace std; 

The third result is 2 


The fourth result is 6 

int subtraction (int a, int b) 


{ 


int r; 


r=a-b; 


return (r); 


} 


int main () 


{ 


int x=5, y=3, z; 


z = subtraction (7,2); 


cout « "The first result is " « z « '\n'; 


cout « "The second result is " « subtraction (7,2) « '\n'; 


cout « "The third result is " « subtraction (x,y) « '\n'; 


z= 4 + subtraction (x,y); 


cout « "The fourth result is " « z « '\n'; 


return 0; 


} 



In this case we have created a function called subtraction. The only thing that this function does is to 
subtract both passed parameters and to return the result. 

Nevertheless, if we examine function main we will see that we have made several calls to function 
subtraction. We have used some different calling methods so that you see other ways or moments when a 
function can be called. 

In order to fully understand these examples you must consider once again that a call to a function could be 
replaced by the value that the function call itself is going to return. For example, the first case (that you 
should already know because it is the same pattern that we have used in previous examples): 


z = subtraction (7,2); 






















































coiit « "The first result is " « z; 


If we replace the function call by the value it returns (i.e., 5), we would have: 


z = 5; 

cout « "The first result is " « z; 

As well as 

I 

cout « "The second result is " « subtraction (7,2); 

has the same result as the previous call, but in this case we made the call to subtraction directly as an 
insertion parameter for cout. Simply consider that the result is the same as if we had written: 

i 

cout << "The second result is " << 5; 
since 5 is the value returned by subtraction (7,2). 

In the case of: 

l 

cout « "The third result is " « subtraction (x,y); 


44 





The only new thing that we introduced is that the parameters of subtraction are variables instead of 
constants. That is perfectly valid. In this case the values passed to function subtraction are the values of x 
and y, that are 5 and 3 respectively, giving 2 as result. 

The fourth case is more of the same. Simply note that instead of: 


z = 4 + subtraction (x,y); 
we could have written: 


z = subtraction (x,y) + 4; 

with exactly the same result. I have switched places so you can see that the semicolon sign (;) goes at the 
end of the whole statement. It does not necessarily have to go right after the function call. The explanation 
might be once again that you imagine that a function can be replaced by its returned value: 


z = 4 + 2; 
z = 2 + 4; 

Functions with no type. The use of void. 

If you remember the syntax of a function declaration: 
type name ( argumentl, argument2 ...) statement 

you will see that the declaration begins with a type, that is the type of the function itself (i.e., the type of the 
datum that will be returned by the function with the return statement). But what if we want to return no 
value? 

Imagine that we want to make a function just to show a message on the screen. We do not need it to return 
any value. In this case we should use the void type specifier for the function. This is a special specifier that 
indicates absence of type. 


// void function example 

I'm a function! 

#include <iostream> 


using namespace std; 


void printmessage () 



fi-1 





















{ 


cout « "I'm a function!"; 


} 


int main () 


{ 


printmessage (); 


return 0; 


} 



void can also be used in the function's parameter list to explicitly specify that we want the function to take 
no actual parameters when it is called. For example, function printmessage could have been declared as: 


void printmessage (void) 

{ 

cout « "I'm a function!"; 

} 


Although it is optional to specify void in the parameter list. In C++, a parameter list can simply be left blank 
if we want a function with no parameters. 
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What you must always remember is that the format for calling a function includes specifying its name and 
enclosing its parameters between parentheses. The non-existence of parameters does not exempt us from the 
obligation to write the parentheses. For that reason the call to printmessage is: 


printmessage (); 

The parentheses clearly indicate that this is a call to a function and not the name of a variable or some other 
C++ statement. The following call would have been incorrect: 


printmessage; 
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Functions (II) 

Arguments passed by value and by reference. 

Until now, in all the functions we have seen, the arguments passed to the functions have been passed by 
value. This means that when calling a function with parameters, what we have passed to the function were 
copies of their values but never the variables themselves. For example, suppose that we called our first 
function addition using the following code: 


int x=5, y=3, z; 
z = addition ( x , y ); 

What we did in this case was to call to function addition passing the values of x and y, i.e. 5 and 3 
respectively, but not the variables x and y themselves. 

int addition (int a, ini Ml t. — addl tlon ( 5 , 3 ) ; 


This way, when the function addition is called, the value of its local variables a and b become 5 and 3 
respectively, but any modification to either a or b within the function addition will not have any effect in the 
values of x and y outside it, because variables x and y were not themselves passed to the function, but only 
copies of their values at the moment the function was called. 

But there might be some cases where you need to manipulate from inside a function the value of an external 
variable. For that purpose we can use arguments passed by reference, as in the function duplicate of the 
following example: 


// passing parameters by reference 

x=2, y=6, z=14 

#include <iostream> i 


using namespace std; 


void duplicate (int& a, int& b, int& c) 


{ 


























a*=2; 


b*=2; 


c*=2; 


} 


int main () 


{ 


int x=l, y=3, z=7; 


duplicate (x, y, z); 


cout « "x-" « x « M , y=" « y « M , z= M « z; 


return 0; 


} 



The first thing that should call your attention is that in the declaration of duplicate the type of each 
parameter was followed by an ampersand sign (&). This ampersand is what specifies that their 
corresponding arguments are to be passed by reference instead of by value. 

When a variable is passed by reference we are not passing a copy of its value, but we are somehow passing 
the variable itself to the function and any modification that we do to the local variables will have an effect 
in their counterpart variables passed as arguments in the call to the function. 
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void dupliurtte (intfi a f ijitC c) 

dupli cate ( h f y w z \; 




To explain it in another way, we associate a, b and c with the arguments passed on the function call (x, y 
and z) and any change that we do on a within the function will affect the value of x outside it. Any change 
that we do on b will affect y, and the same with c and z. 

That is why our program's output, that shows the values stored in x, y and z after the call to duplicate, 
shows the values of all the three variables of main doubled. 

If when declaring the following function: 


void duplicate (int& a, int& b, int& c) 
we had declared it this way: 


void duplicate (int a, int b, int c) 

i.e., without the ampersand signs (&), we would have not passed the variables by reference, but a copy of 
their values instead, and therefore, the output on screen of our program would have been the values of x, y 
and z without having been modified. 

Passing by reference is also an effective way to allow a function to return more than one value. For 
example, here is a function that returns the previous and next numbers of the first parameter passed. 


// more than one returning value 

Previous=99, Next=101 

#include <iostream> 


using namespace std; 


void prevnext (int x, int& prev, int& next) 


{ 


prev = x-1; 


next = x+1; 


} 
































int main () 


{ 


int x=100, y, z; 


prevnext (x, y, z); 


cout « "Previous^" « y « ", Next=" « z; 


return 0; 


} 



Default values in parameters. 

When declaring a function we can specify a default value for each of the last parameters. This value will be 
used if the corresponding argument is left blank when calling to the function. To do that, we simply have to 
use the assignment operator and a value for the arguments in the function declaration. If a value for that 
parameter is not passed when the function is called, the default value is used, but if a value is specified this 
default value is ignored and the passed value is used instead. For example: 
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// default values in functions 

6 

#include <iostream> 

5 

using namespace std; 


int divide (int a, int b=2) 


{ 


int r; 


r=a/b; 


return (r); 


} 


int main () 


{ 


cout« divide (12); 


cout« endl; 


cout« divide (20,4); 


return 0; 


} 



As we can see in the body of the program there are two calls to function divide. In the first one: 


divide (12) 

we have only specified one argument, but the function divide allows up to two. So the function divide has 
assumed that the second parameter is 2 since that is what we have specified to happen if this parameter was 
not passed (notice the function declaration, which finishes with int b=2, not just int b). Therefore the result 
of this function call is 6(12/2). 

In the second call: 


divide (20,4) 

there are two parameters, so the default value for b(int b=2) is ignored and b takes the value passed as 
argument, that is 4, making the result returned equal to 5(20/4). 
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Overloaded functions. 



In C++ two different functions can have the same name if their parameter types or number are different. 
That means that you can give the same name to more than one function if they have either a different 
number of parameters or different types in their parameters. For example: 


// overloaded function 

10 

#include <iostream> 

2.5 

using namespace std; 


int operate (int a, int b) 


{ 


return (a*b); 


} 


float operate (float a, float b) 


{ 


return (a/b); 


} 


int main () 


{ 


int x=5,y=2; 


float n=5.0,m=2.0; 


cout« operate (x,y); 


cout« M \n M ; 


cout« operate (n,m); 


cout« M \n M ; 


return 0; 


} 



In this case we have defined two functions with the same name, operate, but one of them accepts two 
parameters of type int and the other one accepts them of type float. The compiler knows which one to call in 
each case by examining the types passed as arguments when the function is called. If it is called with two 
ints as its arguments it calls to the function that has two int parameters in its prototype and if it is called with 
two floats it will call to the one which has two float parameters in its prototype. 

In the first call to operate the two arguments passed are of type int, therefore, the function with the first 



















































prototype is called; This function returns the result of multiplying both parameters. While the second call 
passes two arguments of type float, so the function with the second prototype is called. This one has a 
different behavior: it divides one parameter by the other. So the behavior of a call to operate depends on the 
type of the arguments passed because the function has been overloaded. 

Notice that a function cannot be overloaded only by its return type. At least one of its parameters must have 
a different type. 

inline functions. 

The inline specifier indicates the compiler that inline substitution is preferred to the usual function call 
mechanism for a specific function. This does not change the behavior of a function itself, but is used to 
suggest to the compiler that the code generated by the function body is inserted at each point the function is 
called, instead of being inserted only once and perform a regular call to it, which generally involves some 
additional overhead in running time. 

The format for its declaration is: 

inline type name ( arguments ...) { instructions ... } 

and the call is just like the call to any other function. You do not have to include the inline keyword when 
calling the function, only in its declaration. 
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Most compilers already optimize code to generate inline functions when it is more convenient. This 
specifier only indicates the compiler that inline is preferred for this function. 

Recursivity. 

Recursivity is the property that functions have to be called by themselves. It is useful for many tasks, like 
sorting or calculate the factorial of numbers. For example, to obtain the factorial of a number (n!) the 
mathematical formula would be: 
n! = n * (n-1) * (n-2) * (n-3)... * 1 


more concretely, 5! (factorial of 5) would be: 


51 = 5*4*3*2*1 = 120 


and a recursive function to calculate this in C++ could be: 




// factorial calculator 

Please type a number: 9 

#include <iostream> 

9! = 362880 

using namespace std; 


long factorial (long a) 


{ 


if (a > 1) 


return (a * factorial (a-1)); 


else 


return (1); 


} 


int main () 


{ 


long number; 


cout « "Please type a number: 


cin » number; 


cout « number « "! = " « factorial (number); 


return 0; 


} 




























































Notice how in function factorial we included a call to itself, but only if the argument passed was greater 
than 1, since otherwise the function would perform an infinite recursive loop in which once it arrived to 0 it 
would continue multiplying by all the negative numbers (probably provoking a stack overflow error on 
runtime). 

This function has a limitation because of the data type we used in its design (long) for more simplicity. The 
results given will not be valid for values much greater than 10! or 15!, depending on the system you 
compile it. 

Declaring functions. 

Until now, we have defined all of the functions before the first appearance of calls to them in the source 
code. These calls were generally in function main which we have always left at the end of the source code. 
If you try to repeat some of the examples of functions described so far, but placing the function main before 
any of the other functions that were called from within it, you will most likely obtain compiling errors. The 
reason is that to be able to call a function it must have been declared in some earlier point of the code, like 
we have done in all our examples. 

But there is an alternative way to avoid writing the whole code of a function before it can be used in main 
or in some other function. This can be achieved by declaring just a prototype of the function before it is 
used, instead of the entire definition. This declaration is shorter than the entire definition, but significant 
enough for the compiler to determine its return type and the types of its parameters. 

Its form is: 


51 




type name ( argument_typel, argument_type2, ...); 

It is identical to a function definition, except that it does not include the body of the function itself (i.e., the 
function statements that in normal definitions are enclosed in braces { }) and instead of that we end the 
prototype declaration with a mandatory semicolon (;). 

The parameter enumeration does not need to include the identifiers, but only the type specifiers. The 
inclusion of a name for each parameter as in the function definition is optional in the prototype declaration. 
For example, we can declare a function called protofunction with two int parameters with any of the 
following declarations: 


int protofunction (int first, int second); 
int protofunction (int, int); 


Anyway, including a name for each variable makes the prototype more legible. 


// declaring functions prototypes 

Type a number (0 to exit): 9 

#include <iostream> 

Number is odd. 

using namespace std; 

Type a number (0 to exit): 6 


Number is even. 

void odd (int a); 

Type a number (0 to exit): 1030 

void even (int a); 

Number is even. 


Type a number (0 to exit): 0 

int main () 

Number is even. 

{ 


int i; 


do { 


cout « "Type a number (0 to exit): "; 


cin »i; 


odd (i); 


} while (i!=0); 


return 0; 


} 


void odd (int a) 


{ 


























































if ((a%2)!=0) cout « "Number is oddAn"; 


else even (a); 


} 


void even (int a) 


{ 


if ((a%2)==0) cout « "Number is evenAn"; 


else odd (a); 


} 



This example is indeed not an example of efficiency. I am sure that at this point you can already make a 
program with the same result, but using only half of the code lines that have been used in this example. 
Anyway this example illustrates how prototyping works. Moreover, in this concrete example the 
prototyping of at least one of the two functions is necessary in order to compile the code without errors. 

The first things that we see are the declaration of functions odd and even: 


void odd (int a); 
void even (int a); 

This allows these functions to be used before they are defined, for example, in main, which now is located 
where some people find it to be a more logical place for the start of a program: the beginning of the source 
code. 

Anyway, the reason why this program needs at least one of the functions to be declared before it is defined 
is because in odd there is a call to even and in even there is a call to odd. If none of the two functions had 
been 
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previously declared, a compilation error would happen, since either odd would not not be visible from even 
(because it has still not been declared), or even would not be visible from odd (for the same reason). 

Having the prototype of all functions together in the same place within the source code is found practical by 
some programmers, and this can be easily achieved by declaring all functions prototypes at the beginning of 
a program. 
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Compound data types 


Arrays 

An array is a series of elements of the same type placed in contiguous memory locations that can be 
individually referenced by adding an index to a unique identifier. 

That means that, for example, we can store 5 values of type int in an array without having to declare 5 
different variables, each one with a different identifier. Instead of that, using an array we can store 5 
different values of the same type, int for example, with a unique identifier. 

For example, an array to contain 5 integer values of type int called billy could be represented like this: 

o __i___2_„_a_i_ 

_ 




where each blank panel represents an element of the array, that in this case are integer values of type int. 
These elements are numbered from 0 to 4 since in arrays the first index is always 0, independently of its 
length. 

Like a regular variable, an array must be declared before it is used. A typical declaration for an array in C++ 
is: 

type name [elements]; 

where type is a valid type (like int, float...), name is a valid identifier and the elements field (which is 
always enclosed in square brackets []), specifies how many of these elements the array has to contain. 

Therefore, in order to declare an array called billy as the one shown in the above diagram it is as simple as: 


int billy [5]; 

NOTE: The elements field within brackets [] which represents the number of elements the array is going to 
hold, must be a constant value, since arrays are blocks of non-dynamic memory whose size must be 
determined before execution. In order to create arrays with a variable length dynamic memory is needed, 
which is explained later in these tutorials. 
















Initializing arrays. 


When declaring a regular array of local scope (within a function, for example), if we do not specify 
otherwise, its elements will not be initialized to any value by default, so their content will be undetermined 
until we store some value in them. The elements of global and static arrays, on the other hand, are 
automatically initialized with their default values, which for all fundamental types this means they are filled 
with zeros. 

In both cases, local and global, when we declare an array, we have the possibility to assign initial values to 
each one of its elements by enclosing the values in braces { }. For example: 


int billy [5] = { 16, 2, 77, 40, 12071 }; 
This declaration would have created an array like this: 
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□ 

hilly 





1 16 

2 

11 

4Q 

12071 


The amount of values between braces { } must not be larger than the number of elements that we declare 
for the array between square brackets [ ]. For example, in the example of array billy we have declared that it 
has 5 elements and in the list of initial values within braces { } we have specified 5 values, one for each 
element. 

When an initialization of values is provided for an array, C++ allows the possibility of leaving the square 
brackets empty [ ]. In this case, the compiler will assume a size for the array that matches the number of 
values included between braces { }: 


int billy [] = { 16, 2, 77, 40, 12071 }; 

After this declaration, array billy would be 5 ints long, since we have provided 5 initialization values. 

Accessing the values of an array. 

In any point of a program in which an array is visible, we can access the value of any of its elements 
individually as if it was a normal variable, thus being able to both read and modify its value. The format is 
as simple as: 

name [index] 

Following the previous examples in which billy had 5 elements and each of those elements was of type int, 
the name which we can use to refer to each element is the following: 


uimi 

billy 

11 hiilvn 

i MiiYiai biuvrai mutH! 







For example, to store the value 75 in the third element of billy, we could write the following statement: 

_ l 


billy[2] = 75; 


and, for example, to pass the value of the third element of billy to a variable called a, we could write: 

_ _ I 






















a = billy [2]; 


Therefore, the expression billy[2] is for all purposes like a variable of type int. 

Notice that the third element of billy is specified billy[2], since the first one is billy[0], the second one is 
billy[l], and therefore, the third one is billy[2]. By this same reason, its last element is billy[4]. Therefore, if 
we write billy[5], we would be accessing the sixth element of billy and therefore exceeding the size of the 
array. 

In C++ it is syntactically correct to exceed the valid range of indices for an array. This can create problems, 
since accessing out-of-range elements do not cause compilation errors but can cause runtime errors. The 
reason why this is allowed will be seen further ahead when we begin to use pointers. 

At this point it is important to be able to clearly distinguish between the two uses that brackets [ ] have 
related to arrays. They perform two different tasks: one is to specify the size of arrays when they are 
declared; and the second one is to specify indices for concrete array elements. Do not confuse these two 
possible uses of brackets [ 
with arrays. 
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int billy [5]; 

// 

declaration of a new 

array | 

billy[2] = 75; 

// 

access to an element 

of the array. 


If you read carefully, you will see that a type specifier always precedes a variable or array declaration, while 
it never precedes an access. 


Some other valid operations with arrays: 







billyfO] = a; 




billy[a] = 75; 




b = billy [a+2]; 




billy[billy[a]] = billy[2] + 5; 





// arrays example 

12206 

#include <iostream> 


using namespace std; 


int billy [] = {16, 2, 77, 40, 12071}; 


int n, result=0; 


int main () 


I 7 



for ( n=0 ; n<5 ; n++ ) 


{ 



i 

| result += billy [n]; 


> 



cout« result; 


return 0; 


ti 

i 




Multidimensional arrays 


Multidimensional arrays can be described as "arrays of arrays". For example, a bidimensional array can be 
imagined as a bidimensional table made of elements, all of them of a same uniform data type. 

















































































0 


1 


2 


3 


4 


jimmy - 



jimmy represents a bidimensional array of 3 per 5 elements of type int. The way to declare this array in C++ 
would be: 


int jimmy [3][5]; 

and, for example, the way to reference the second element vertically and fourth horizontally in an 
expression would be: 


jimmy [1] [3] 
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(remember that array indices always begin by zero). 

Multidimensional arrays are not limited to two indices (i.e., two dimensions). They can contain as 
many indices as needed. But be careful! The amount of memory needed for an array rapidly increases 
with each dimension. For example: 


char century [100] [365][24][60][60]; 

declares an array with a char element for each second in a century, that is more than 3 billion chars. 
So this declaration would consume more than 3 gigabytes of memory! 

Multidimensional arrays are just an abstraction for programmers, since we can obtain the same 
results with a simple array just by putting a factor between its indices: 


int 

jimmy 

[3][5]; 

// 

is 

equivalent to | 

int 

jimmy 

[15]; 

// 

(3 

* 5 = 15) 


With the only difference that with multidimensional arrays the compiler remembers the depth of each 
imaginary dimension for us. Take as example these two pieces of code, with both exactly the same 
result. One uses a bidimensional array and the other one uses a simple array: 


multidimensional array 

pseudo-multidimensional array 

#define WIDTH 5 

#define WIDTH 5 

#define HEIGHT 3 

#define HEIGHT 3 

int jimmy [HEIGHT][WIDTH]; 

int jimmy [HEIGHT * WIDTH]; 

int n,m; 

int n,m; 






















































int main () 

int main () 

{ 

{ 

for (n=0;n<HEIGHT;n++) 

for (n=0;n<HEIGHT;n++) 

for (m=0;m< WIDTH; m++) 

for (m=0;m<WIDTH;m++) 

{ 

{ 

jimmy [n] [m]=(n+l)*(m+1); 

jimmy[n*WIDTH+m]=(n+l)*(m+l); 

} 

> 

return 0; 

return 0; 

} 

> 


None of the two source codes above produce any output on the screen, but both assign values to the 
memory block called jimmy in the following way: 


Jimmy < 


0 12 3 4 

o 

1 
2 


1 

2 

3 

4 

5 

i 


6 

8 

10 

3 

s 

9 

13 

15 
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We have used "defined constants" (#define) to simplify possible future modifications of the program. For 
example, in case that we decided to enlarge the array to a height of 4 instead of 3 it could be done simply by 
changing the line: 


#define HEIGHT 3 


to: 


#define HEIGHT 4 

with no need to make any other modifications to the program. 

Arrays as parameters 

At some moment we may need to pass an array to a function as a parameter. In C++ it is not possible to pass 
a complete block of memory by value as a parameter to a function, but we are allowed to pass its address. In 
practice this has almost the same effect and it is a much faster and more efficient operation. 

In order to accept arrays as parameters the only thing that we have to do when declaring the function is to 
specify in its parameters the element type of the array, an identifier and a pair of void brackets []. For 
example, the following function: 


void procedure (int arg[]) 

accepts a parameter of type "array of int" called arg. In order to pass to this function an array declared as: 



int myarray [40]; 








it would be enough to write a call like this: 







procedure (myarray); 



Here you have a complete example: 




// arrays as parameters 

5 10 15 

#include <iostream> 

2 4 6 8 10 

using namespace std; 



ii-1 










































void printarray (int arg[], int length) { 


for (int n=0; n<length; n++) 


| cout « arg[n] « M M ; 


cout« M \n M ; 


i 




int main () 


n 




int firstarray[] = {5, 10, 15); 


int secondarrayG = {2, 4, 6, 8, 10); 


printarray (firstarray,3); 


printarray (secondarray,5); 


return 0; 


n 





As you can see, the first parameter (int arg[]) accepts any array whose elements are of type int, whatever its 
length. For that reason we have included a second parameter that tells the function the length of each array 
that 
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we pass to it as its first parameter. This allows the for loop that prints out the array to know the range to 
iterate in the passed array without going out of range. 

In a function declaration it is also possible to include multidimensional arrays. The format for a 
tridimensional array parameter is: 


base_type[] [depth] [depth] 

for example, a function with a multidimensional array as argument could be: 


void procedure (int myarray[][3][4]) 

Notice that the first brackets [] are left blank while the following ones are not. This is so because the 
compiler must be able to determine within the function which is the depth of each additional dimension. 

Arrays, both simple or multidimensional, passed as function parameters are a quite common source of 
errors for novice programmers. I recommend the reading of the chapter about Pointers for a better 
understanding on how arrays operate. 
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Character Sequences 

As you may already know, the C++ Standard Library implements a powerful string class, which is very 
useful to handle and manipulate strings of characters. However, because strings are in fact sequences of 
characters, we can represent them also as plain arrays of char elements. 

For example, the following array: 


char jenny [20]; 

is an array that can store up to 20 elements of type char. It can be represented as: 

j [ I 1 I [ 

J ™ n YC_J____1 



Therefore, in this array, in theory, we can store sequences of characters up to 20 characters long. But we can 
also store shorter sequences. For example, jenny could store at some point in a program either the sequence 
"Hello" or the sequence "Merry Christmas", since both are shorter than 20 characters. 

Therefore, since the array of characters can store shorter sequences than its total length, a special character 
is used to signal the end of the valid sequence: the null character , whose literal constant can be written as 
'\0' (backslash, zero). 

Our array of 20 elements of type char, called jenny, can be represented storing the characters sequences 
"Hello" 


and "Merry Christmas" as: 


jenny 

H 

a 

i 

i 

Q 

\n 




r 











M 

e 


r 

y 


C 

h 

r 
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a 

s 

\o 







Notice how after the valid content a null character ('\0') has been included in order to indicate the end of the 


































































sequence. The panels in gray color represent char elements with undetermined values. 


Initialization of null-terminated character sequences 

Because arrays of characters are ordinary arrays they follow all their same rules. For example, if we want to 
initialize an array of characters with some predetermined sequence of characters we can do it just like any 
other array: 


char mywordG = { 'H', 'e', T, T, 'o', T \0 T }; 

In this case we would have declared an array of 6 elements of type char initialized with the characters that 
form the word "Hello" plus a null character T \0 T at the end. 

But arrays of char elements have an additional method to initialize their values: using string literals. 

In the expressions we have used in some examples in previous chapters, constants that represent entire 
strings of characters have already showed up several times. These are specified enclosing the text to become 
a string literal between double quotes ("). For example: 


"the result is: " 
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is a constant string literal that we have probably used already. 

Double quoted strings (") are literal constants whose type is in fact a null-terminated array of characters. So 
string literals enclosed between double quotes always have a null character ('\0') automatically appended at 
the end. 

Therefore we can initialize the array of char elements called myword with a null-terminated sequence of 
characters by either one of these two methods: 


char myword [] = { 'H', 'e', T, T, 'o', T \0 T }; char myword [] = "Hello"; 

In both cases the array of characters myword is declared with a size of 6 elements of type char: the 5 
characters that compose the word "Hello" plus a final null character ('\0') which specifies the end of the 
sequence and that, in the second case, when using double quotes (") it is appended automatically. 

Please notice that we are talking about initializing an array of characters in the moment it is being declared, 
and not about assigning values to them once they have already been declared. In fact because this type of 
null-terminated arrays of characters are regular arrays we have the same restrictions that we have with any 
other array, so we are not able to copy blocks of data with an assignment operation. 

Assuming mystext is a char[] variable, expressions within a source code like: 


mystext = "Hello"; 
mystext[] = "Hello"; 

would not be valid, like neither would be: 

mystext = { 'H', 'e', T, T, 'o', T \0 T }; 

The reason for this may become more comprehensible once you know a bit more about pointers, since then 
it will be clarified that an array is in fact a constant pointer pointing to a block of memory. 


Using null-terminated sequences of characters 








Null-terminated sequences of characters are the natural way of treating strings in C++, so they can be used 
as such in many procedures. In fact, regular string literals have this type (char[]) and can also be used in 
most cases. 

For example, cin and cout support null-terminated sequences as valid containers for sequences of 
characters, so they can be used directly to extract strings of characters from cin or to insert them into cout. 
For example: 
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// null-terminated sequences of characters 

Please, enter your first name: John 

#include <iostream> 

Hello, John! 

using namespace std; 


int main () 


{ 


char question[] = "Please, enter your first 


name: "; 


char greetingG = "Hello,"; 


char yourname [80]; 


cout« question; 


cin » yourname; 


cout « greeting « yourname « "!"; 


return 0; 


} 



As you can see, we have declared three arrays of char elements. The first two were initialized with string 
literal constants, while the third one was left uninitialized. In any case, we have to speficify the size of the 
array: in the first two (question and greeting) the size was implicitly defined by the length of the literal 
constant they were initialized to. While for yourname we have explicitly specified that it has a size of 80 
chars. 

Finally, sequences of characters stored in char arrays can easily be converted into string objects just by 
using the assignment operator: 


string mystring; 

char myntcs[]= M some text"; 


mystring = myntcs; 
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Pointers 


We have already seen how variables are seen as memory cells that can be accessed using their identifiers. 
This way we did not have to care about the physical location of our data within memory, we simply used its 
identifier whenever we wanted to refer to our variable. 

The memory of your computer can be imagined as a succession of memory cells, each one of the minimal 
size that computers manage (one byte). These single-byte memory cells are numbered in a consecutive way, 
so as, within any block of memory, every cell has the same number as the previous one plus one. 

This way, each cell can be easily located in the memory because it has a unique address and all the memory 
cells follow a successive pattern. For example, if we are looking for cell 1776 we know that it is going to be 
right between cells 1775 and 1777, exactly one thousand cells after 776 and exactly one thousand cells 
before cell 2776. 

Reference operator (&) 

As soon as we declare a variable, the amount of memory needed is assigned for it at a specific location in 
memory (its memory address). We generally do not actively decide the exact location of the variable within 
the panel of cells that we have imagined the memory to be - Fortunately, that is a task automatically 
performed by the operating system during runtime. However, in some cases we may be interested in 
knowing the address where our variable is being stored during runtime in order to operate with relative 
positions to it. 

The address that locates a variable within memory is what we call a reference to that variable. This 
reference to a variable can be obtained by preceding the identifier of a variable with an ampersand sign (&), 
known as reference operator, and which can be literally translated as "address of". For example: 


ted = &andy; 

This would assign to ted the address of variable andy, since when preceding the name of the variable andy 
with the reference operator (&) we are no longer talking about the content of the variable itself, but about its 
reference (i.e., its address in memory). 

From now on we are going to assume that andy is placed during runtime in the memory address 1776. This 
number (1776) is just an arbitrary assumption we are inventing right now in order to help clarify some 
concepts in this tutorial, but in reality, we cannot know before runtime the real value the address of a 
variable will have in memory. 

Consider the following code fragment: 






andy = 25; 
fred = andy; 


ted = &andy; 


The values contained in each variable after the execution of this, are shown in the following diagram: 

andy 



1775 

/ 


1776 1777 

* \ 


fred 


ted 




First, we have assigned the value 25 to andy (a variable whose address in memory we have assumed to be 
1776). 
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The second statement copied to fred the content of variable andy (which is 25). This is a standard 
assignment operation, as we have done so many times before. 

Finally, the third statement copies to ted not the value contained in andy but a reference to it (i.e., its 
address, which we have assumed to be 1776). The reason is that in this third assignment operation we have 
preceded the identifier andy with the reference operator (&), so we were no longer referring to the value of 
andy but to its reference (its address in memory). 

The variable that stores the reference to another variable (like ted in the previous example) is what we call a 
pointer. Pointers are a very powerful feature of the C++ language that has many uses in advanced 
programming. Farther ahead, we will see how this type of variable is used and declared. 

Dereference operator (*) 

We have just seen that a variable which stores a reference to another variable is called a pointer. Pointers are 
said to "point to" the variable whose reference they store. 

Using a pointer we can directly access the value stored in the variable which it points to. To do this, we 
simply have to precede the pointer's identifier with an asterisk (*), which acts as dereference operator and 
that can be literally translated to "value pointed by". 

Therefore, following with the values of the previous example, if we write: 


beth = *ted; 


(that we could read as: "beth equal to value pointed by ted") beth would take the value 25, since ted is 1776, 
and the value pointed by 1776 is 25. 

ted 


1776 


1775 

1776 

1777 



25 







(memory) 


25 


beth 
























You must clearly differentiate that the expression ted refers to the value 1776, while *ted (with an asterisk * 
preceding the identifier) refers to the value stored at address 1776, which in this case is 25. Notice the 
difference of including or not including the dereference operator (I have included an explanatory 
commentary of how each of these two expressions could be read): 


beth 

— 

ted; 

// 

beth 

equal 

to 

ted ( 

1776) | 

beth 


*ted; 

// 

beth 

equal 

to 

value 

pointed 
by ted ( 
25) 


Notice the difference between the reference and dereference operators: 

& is the reference operator and can be read as "address of" 

* is the dereference operator and can be read as "value pointed by" 
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Thus, they have complementary (or opposite) meanings. A variable referenced with & can be dereferenced 
with *. 

Earlier we performed the following two assignment operations: 


andy = 25; 
ted = &andy; 

Right after these two statements, all of the following expressions would give true as result: 


andy == 25 
&andy == 1776 

ted == 1776 
*ted == 25 


The first expression is quite clear considering that the assignment operation performed on andy was 
andy=25. The second one uses the reference operator (&), which returns the address of variable andy, which 
we assumed it to have a value of 1776. The third one is somewhat obvious since the second expression was 
true and the assignment operation performed on ted was ted=&andy. The fourth expression uses the 
dereference operator (*) that, as we have just seen, can be read as "value pointed by", and the value pointed 
by ted is indeed 25. 

So, after all that, you may also infer that for as long as the address pointed by ted remains unchanged the 
following expression will also be true: 


*ted == andy 

Declaring variables of pointer types 

Due to the ability of a pointer to directly refer to the value that it points to, it becomes necessary to specify 
in its declaration which data type a pointer is going to point to. It is not the same thing to point to a char as 
to point to an int or a float. 


The declaration of pointers follows this format: 









type * name; 


where type is the data type of the value that the pointer is intended to point to. This type is not the type of 
the pointer itself! but the type of the data the pointer points to. For example: 


int * number; 
char * character; 

float * greatnumber; 

These are three declarations of pointers. Each one is intended to point to a different data type, but in fact all 
of them are pointers and all of them will occupy the same amount of space in memory (the size in memory 
of a pointer depends on the platform where the code is going to run). Nevertheless, the data to which they 
point to do not occupy the same amount of space nor are of the same type: the first one points to an int, the 
second one to a char and the last one to a float. Therefore, although these three example variables are all of 
them pointers which occupy the same size in memory, they are said to have different types: int*, char* and 
float* respectively, depending on the type they point to. 

I want to emphasize that the asterisk sign (*) that we use when declaring a pointer only means that it is a 
pointer (it is part of its type compound specifier), and should not be confused with the dereference operator 
that we have seen a bit earlier, but which is also written with an asterisk (*). They are simply two different 
things represented with the same sign. 
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Now have a look at this code: 






// my first pointer 


firstvalue is 10 

#include <iostream> 


secondvalue is 20 

using namespace std; 



int main () 



{ 



int firstvalue, secondvalue; 



int * mypointer; 



mypointer = &firstvalue; 



*mypointer = 10; 



mypointer = &secondvalue; 



*mypointer = 20; 



cout « "firstvalue is " « firstvalue « endl; 



cout « "secondvalue is " « secondvalue « endl; 



return 0; 



} 




Notice that even though we have never directly set a value to either firstvalue or secondvalue, both end up 
with a value set indirectly through the use of mypointer. This is the procedure: 

First, we have assigned as value of mypointer a reference to firstvalue using the reference operator (&). And 
then we have assigned the value 10 to the memory location pointed by mypointer, that because at this 
moment is pointing to the memory location of firstvalue, this in fact modifies the value of firstvalue. 

In order to demonstrate that a pointer may take several different values during the same program I have 
repeated the process with secondvalue and that same pointer, mypointer. 

Here is an example a little bit more elaborated: 





























































// more pointers firstvalue is 10 

#include <iostream> secondvalue is 20 

using namespace std; 


int main () 










{ 



} 


int firstvalue = 5, secondvalue = 15; 
int * pi, * p2; 

pi = &firstvalue; // pi = address of firstvalue 

p2 = &secondvalue; // p2 = address of secondvalue 
*pl = 10; // value pointed by pi = 10 

*p2 = *pl; // value pointed by p2 = value pointed by 


pi = p2; // pi = p2 (value of pointer is copied) 

*pl = 20; // value pointed by pi = 20 

cout « "firstvalue is " « firstvalue « endl; cout « "secondvalue is " « secondvalue « 
endl; return 0; 


I have included as a comment on each line how the code can be read: ampersand (&) as "address of" and 
asterisk (*) as "value pointed by". 

Notice that there are expressions with pointers pi and p2, both with and without dereference operator (*). 
The meaning of an expression using the dereference operator (*) is very different from one that does not: 
When this operator precedes the pointer name, the expression refers to the value being pointed, while when 
a pointer name appears without this operator, it refers to the value of the pointer itself (i.e. the address of 
what the pointer is pointing to). 
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Another thing that may call your attention is the line: 


int * pi, * p2; 

This declares the two pointers used in the previous example. But notice that there is an asterisk (*) for each 
pointer, in order for both to have type int* (pointer to int). 

Otherwise, the type for the second variable declared in that line would have been int (and not int*) because 
of precedence relationships. If we had written: 


int * pi, p2; 

pi would indeed have int* type, but p2 would have type int (spaces do not matter at all for this purpose). 
This is due to operator precedence rules. But anyway, simply remembering that you have to put one asterisk 
per pointer is enough for most pointer users. 

Pointers and arrays 

The concept of array is very much bound to the one of pointer. In fact, the identifier of an array is 
equivalent to the address of its first element, as a pointer is equivalent to the address of the first element that 
it points to, so in fact they are the same concept. For example, supposing these two declarations: 


int numbers [20]; 
int * p; 

The following assignment operation would be valid: 


p = numbers; 

After that, p and numbers would be equivalent and would have the same properties. The only difference is 
that we could change the value of pointer p by another one, whereas numbers will always point to the first 
of the 20 elements of type int with which it was defined. Therefore, unlike p, which is an ordinary pointer, 
numbers is an array, and an array can be considered a constant pointer. Therefore, the following allocation 
would not be valid: 


numbers = p; 


Because numbers is an array, so it operates as a constant pointer, and we cannot assign values to constants. 










Due to the characteristics of variables, all expressions that include pointers in the following example are 
perfectly valid: 
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// more pointers 



10, 20, 30, 40, 50, 

#include <iostream> 



using namespace std; 



int main () 




{ 




int numbers[5]; 



int * p; 




p = numbers; 

*p = 10; 


p++; *p = 20; 




p = &numbers[2]; 

*p = 30; 


p = numbers + 3; 

*p = 40; 


p = numbers; 

*(p+4) = 50; 


for (int n=0; n<5; n++) 


cout « numbers[n] « ", "; 


return 0; 




} 





In the chapter about arrays we used brackets ([]) several times in order to specify the index of an element of 
the array to which we wanted to refer. Well, these bracket sign operators [] are also a dereference operator 
known as offset operator. They dereference the variable they follow just as * does, but they also add the 
number between brackets to the address being dereferenced. For example: 


a[5] = 0; //a [offset of 5] = 0 

*(a+5) = 0; // pointed by (a+5) = 0 

These two expressions are equivalent and valid both if a is a pointer or if a is an array. 

Pointer initialization 


When declaring pointers we may want to explicitly specify which variable we want them to point to: 





























































int number; 


int * * tom my = &number; 
The behavior of this code is equivalent to: 


int number; 
int *tommy; 

tommy = &number; 

When a pointer initialization takes place we are always assigning the reference value to where the pointer 
points 

(tommy), never the value being pointed (*tommy). You must consider that at the moment of declaring a 
pointer, the asterisk (*) indicates only that it is a pointer, it is not the dereference operator (although both 
use the same sign: *). Remember, they are two different functions of one sign. Thus, we must take care not 
to confuse the previous code with: 


int number; 
int *tommy; 

* tom my = &number; 

that is incorrect, and anyway would not have much sense in this case if you think about it. 

As in the case of arrays, the compiler allows the special case that we want to initialize the content at which 
the pointer points with constants at the same moment the pointer is declared: 

_ _ l 

char * terry = "hello"; 
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In this case, memory space is reserved to contain "hello" and then a pointer to the first character of this 
memory block is assigned to terry. If we imagine that "hello" is stored at the memory locations that start at 
addresses 1702, we can represent the previous declaration as: 


1 h« 

■ e , 

“I s 

' 1 ' 

a 1 

<\ 0 < 

V102 1703 1704 1705 170 £ 1707 





terry 

1102 



It is important to indicate that terry contains the value 1702, and not T h’ nor "hello", although 1702 indeed is 
the address of both of these. 

The pointer terry points to a sequence of characters and can be read as if it was an array (remember that an 
array is just like a constant pointer). For example, we can access the fifth element of the array with any of 
these two expression: 


*(terry+4) 

terry[4] 

Both expressions have a value of 'o' (the fifth element of the array). 

Pointer arithmetics 

To conduct arithmetical operations on pointers is a little different than to conduct them on regular integer 
data types. To begin with, only addition and subtraction operations are allowed to be conducted with them, 
the others make no sense in the world of pointers. But both addition and subtraction have a different 
behavior with pointers according to the size of the data type to which they point. 

When we saw the different fundamental data types, we saw that some occupy more or less space than others 
in the memory. For example, let's assume that in a given compiler for a specific machine, char takes 1 byte, 
short takes 2 bytes and long takes 4. 
















Suppose that we define three pointers in this compiler: 


char *mychar; 

short *myshort; 
long *mylong; 

and that we know that they point to memory locations 1000, 2000 and 3000 respectively. 
So if we write: 


mychar++; 

myshort++; 

mylong++; 

mychar, as you may expect, would contain the value 1001. But not so obviously, myshort would contain the 
value 2002, and mylong would contain 3004, even though they have each been increased only once. The 
reason is that when adding one to a pointer we are making it to point to the following element of the same 
type with which it has been defined, and therefore the size in bytes of the type pointed is added to the 
pointer. 
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1000 1001 


- 1 - 

my char 



++ 


2000 2001 2002 2003 


myshort -> ++ 


3000 3001 3002 3003 3004 3005 3006 3007 


myloncj - - 1 ++ 


This is applicable both when adding and subtracting any number to a pointer. It would happen exactly the 
same if we write: 


my char = my char + 1; 
my short = my short + 1; 


mylong = mylong + 1; 


































Both the increase (++) and decrease (—) operators have greater operator precedence than the dereference 
operator (*), but both have a special behavior when used as suffix (the expression is evaluated with the 
value it had before being increased). Therefore, the following expression may lead to confusion: 


* 


p++ 


Because ++ has greater precedence than *, this expression is equivalent to *(p++). Therefore, what it does is 
to increase the value of p (so it now points to the next element), but because ++ is used as postfix the whole 
expression is evaluated as the value pointed by the original reference (the address the pointer pointed to 
before being increased). 

Notice the difference with: 

(*p)++ 

Here, the expression would have been evaluated as the value pointed by p increased by one. The value of p 
(the pointer itself) would not be modified (what is being modified is what it is being pointed to by this 
pointer). 

If we write: 


* 


p++ 



Because ++ has a higher precedence than *, both p and q are increased, but because both increase operators 
(++) are used as postfix and not prefix, the value assigned to *p is *q before both p and q are increased. And 
then both are increased. It would be roughly equivalent to: 


*p = *q; 

++p; 


++q; 


Like always, I recommend you to use parentheses () in order to avoid unexpected results and to give more 
legibility to the code. 
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Pointers to pointers 

C++ allows the use of pointers that point to pointers, that these, in its turn, point to data (or even to other 
pointers). In order to do that, we only need to add an asterisk (*) for each level of reference in their 
declarations: 


char a; 
char * b; 

char ** c; 
a = 'z'; 

b = &a; 
c = &b; 

This, supposing the randomly chosen memory locations for each variable of 7230, 8092 and 10502, could 
be represented as: _ _ 


j; r-p- 1 





z. 


w §Z.yu 




a b C 7230 6092 10502 


The value of each variable is written inside each cell; under the cells are their respective addresses in 
memory. 

The new thing in this example is variable c, which can be used in three different levels of indirection, each 
one of them would correspond to a different value: 

c has type char** and a value of 8092 

*c has type char* and a value of 7230 

**c has type char and a value of 'z' 


















void pointers 

The void type of pointer is a special type of pointer. In C++, void represents the absence of type, so void 
pointers are pointers that point to a value that has no type (and thus also an undetermined length and 
undetermined dereference properties). 

This allows void pointers to point to any data type, from an integer value or a float to a string of characters. 
But in exchange they have a great limitation: the data pointed by them cannot be directly dereferenced 
(which is logical, since we have no type to dereference to), and for that reason we will always have to cast 
the address in the void pointer to some other pointer type that points to a concrete data type before 
dereferencing it. 

One of its uses may be to pass generic parameters to a function: 
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// increaser 

y, 1603 

#include <iostream> 


using namespace std; 


void increase (void* data, int psize) 


{ 


if ( psize == sizeof(char) ) 



{ char* pchar; pchar=(char*)data; ++(*pchar); } else if (psize == sizeof(int) ) 
{ int* pint; pint=(int*)data; ++(*pint); } 

} 


int main () 

{ 

char a = 'x'; 

int b = 1602; 
increase (&a,sizeof(a)); 

increase (&b,sizeof(b)); 
cout « a « "," « b « endl; 


return 0; 

} 

sizeof is an operator integrated in the C++ language that returns the size in bytes of its parameter. For non¬ 
dynamic data types this value is a constant. Therefore, for example, sizeof(char) is 1, because char type is 
one byte long. 

Null pointer 

A null pointer is a regular pointer of any pointer type which has a special value that indicates that it is not 
pointing to any valid reference or memory address. This value is the result of type-casting the integer value 
zero to any pointer type. 


int * p; 

p = 0; // p has a null pointer value 

Do not confuse null pointers with void pointers. A null pointer is a value that any pointer may take to 
represent that it is pointing to "nowhere", while a void pointer is a special type of pointer that can point to 
somewhere without a specific type. One refers to the value stored in the pointer itself and the other to the 
type of data it points to. 





















Pointers to functions 


C++ allows operations with pointers to functions. The typical use of this is for passing a function as an 
argument to another function, since these cannot be passed dereferenced. In order to declare a pointer to a 
function we have to declare it like the prototype of the function except that the name of the function is 
enclosed between parentheses () and an asterisk (*) is inserted before the name: 
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// pointer to functions 

8 

#include <iostream> 


using namespace std; 



int addition (int a, int b) 

{ return (a+b); } 

int subtraction (int a, int b) 

{ return (a-b); } 

int operation (int x, int y, int 

(*functocall)(int,int)) 

{ 


int g; 

g = (*functocall)(x,y); 
return (g); 

} 


int main () 


{ 


int m,n; 













int (*minus)(int,int) = subtraction; 

m = operation (7, 5, addition); 
n = operation (20, m, minus); 

cout «n; 
return 0; 


} 

In the example, minus is a pointer to a function that has two parameters of type int. It is immediately 
assigned to point to the function subtraction, all in a single line: 


int (* minus)(int,int) = subtraction; 
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Dynamic Memory 

Until now, in all our programs, we have only had as much memory available as we declared for our 
variables, having the size of all of them to be determined in the source code, before the execution of the 
program. But, what if we need a variable amount of memory that can only be determined during runtime? 
For example, in the case that we need some user input to determine the necessary amount of memory space. 

The answer is dynamic memory, for which C++ integrates the operators new and delete. 

Operators new and new[] 

In order to request dynamic memory we use the operator new. new is followed by a data type specifier and - 
if a sequence of more than one element is required- the number of these within brackets []. It returns a 
pointer to the beginning of the new block of memory allocated. Its form is: 

pointer = new type 

pointer = new type [number_of_elements] 

The first expression is used to allocate memory to contain one single element of type type. The second one 
is used to assign a block (an array) of elements of type type, where number_of_elements is an integer value 
representing the amount of these. For example: 


int * bobby; 
bobby = new int [5]; 

In this case, the system dynamically assigns space for five elements of type int and returns a pointer to the 
first element of the sequence, which is assigned to bobby. Therefore, now, bobby points to a valid block of 
memory with space for five elements of type int. _ 

A J I I I. 


m t bobby 















The first element pointed by bobby can be accessed either with the expression bobby[0] or the expression 
*bobby. Both are equivalent as has been explained in the section about pointers. The second element can be 
accessed either with bobby[l] or *(bobby+l) and so on... 

You could be wondering the difference between declaring a normal array and assigning dynamic memory to 
a pointer, as we have just done. The most important difference is that the size of an array has to be a 
constant value, which limits its size to what we decide at the moment of designing the program, before its 
execution, whereas the dynamic memory allocation allows us to assign memory during the execution of the 
program (runtime) using any variable or constant value as its size. 

The dynamic memory requested by our program is allocated by the system from the memory heap. 
However, computer memory is a limited resource, and it can be exhausted. Therefore, it is important to 
have some mechanism to check if our request to allocate memory was successful or not. 

C++ provides two standard methods to check if the allocation was successful: 

One is by handling exceptions. Using this method an exception of type bad_alloc is thrown when the 
allocation fails. Exceptions are a powerful C++ feature explained later in these tutorials. But for now you 
should know that if this exception is thrown and it is not handled by a specific handler, the program 
execution is terminated. 
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This exception method is the default method used by new, and is the one used in a declaration like: 


bobby = new int [5]; // if it fails an exception is thrown 

The other method is known as nothrow, and what happens when it is used is that when a memory allocation 
fails, instead of throwing a bad_alloc exception or terminating the program, the pointer returned by new is a 
null pointer, and the program continues its execution. 

This method can be specified by using a special object called nothrow, declared in header <new>, as 
argument for new: 


bobby = new (nothrow) int [5]; 

In this case, if the allocation of this block of memory failed, the failure could be detected by checking if 
bobby took a null pointer value: 


int * bobby; 

bobby = new (nothrow) int [5]; 
if (bobby == 0) { 



error assigning memory. Take measures. 


This nothrow method requires more work than the exception method, since the value returned has to be 
checked after each and every memory allocation, but I will use it in our examples due to its simplicity. 
Anyway this method can become tedious for larger projects, where the exception method is generally 
preferred. The exception method will be explained in detail later in this tutorial. 

Operators delete and delete[] 

Since the necessity of dynamic memory is usually limited to specific moments within a program, once it is 





no longer needed it should be freed so that the memory becomes available again for other requests of 
dynamic memory. This is the purpose of the operator delete, whose format is: 


delete pointer; 
delete [] pointer; 

The first expression should be used to delete memory allocated for a single element, and the second one for 
memory allocated for arrays of elements. 

The value passed as argument to delete must be either a pointer to a memory block previously allocated 
with new, or a null pointer (in the case of a null pointer, delete produces no effect). 
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// rememb-o-matic 

How many numbers would you like to type? 

5 

#include <iostream> 

Enter number : 75 

#include <new> 

Enter number : 436 

using namespace std; 

Enter number : 1067 


Enter number : 8 

int main () 

Enter number : 32 

{ 

You have entered: 75, 436, 1067, 8, 32, 

int i,n; 


int * p; 


cout « "How many numbers would you like to type? 


cin »i; 


p= new (nothrow) int[i]; 


if (p == 0) 


cout « "Error: memory could not be allocated"; 


else 


{ 


for (n=0; n<i; n++) 


{ 


cout « "Enter number: "; 


cin » p[n]; 


} 


cout « "You have entered: "; 


for (n=0; n<i; n++) 


cout « p[n] « ", "; 


delete[] p; 


} 


return 0; 


} 



Notice how the value within brackets in the new statement is a variable value entered by the user (i), not a 
constant value: 

































































p= new (nothrow) int[i]; 

But the user could have entered a value for i so big that our system could not handle it. For example, when I 
tried to give a value of 1 billion to the "How many numbers" question, my system could not allocate that 
much memory for the program and I got the text message we prepared for this case (Error: memory could 
not be allocated). Remember that in the case that we tried to allocate the memory without specifying the 
nothrow parameter in the new expression, an exception would be thrown, which if it's not handled 
terminates the program. 

It is a good practice to always check if a dynamic memory block was successfully allocated. Therefore, if 
you use the nothrow method, you should always check the value of the pointer returned. Otherwise, use the 
exception method, even if you do not handle the exception. This way, the program will terminate at that 
point without causing the unexpected results of continuing executing a code that assumes a block of 
memory to have been allocated when in fact it has not. 

Dynamic memory in ANSI-C 

Operators new and delete are exclusive of C++. They are not available in the C language. But using pure C 
language and its library, dynamic memory can also be used through the functions malloc, calloc, realloc and 
free, which are also available in C++ including the <cstdlib> header file (see cstdlib for more info). 

The memory blocks allocated by these functions are not necessarily compatible with those returned by new, 
so each one should be manipulated with its own set of functions or operators. 
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Data structures 



We have already learned how groups of sequential data can be used in C++. But this is somewhat 
restrictive, since in many occasions what we want to store are not mere sequences of elements all of the 
same data type, but sets of different elements with different data types. 

Data structures 

A data structure is a group of data elements grouped together under one name. These data elements, known 
as members , can have different types and different lengths. Data structures are declared in C++ using the 
following syntax: 

struct structure_name { 

member_typel member_namel; 
member_type2 member_name2; 
member_type3 member_name3; 


} object_names; 

where structure_name is a name for the structure type, object_name can be a set of valid identifiers for 
objects that have the type of this structure. Within braces { } there is a list with the data members, each one 
is specified with a type and a valid identifier as its name. 

The first thing we have to know is that a data structure creates a new type: Once a data structure is declared, 
a new type with the identifier specified as structure_name is created and can be used in the rest of the 
program as if it was any other type. For example: 


struct product { 

int weight; 


float price; 





}; 

product apple; 
product banana, melon; 

We have first declared a structure type called product with two members: weight and price, each of a 
different fundamental type. We have then used this name of the structure type (product) to declare three 
objects of that type: apple, banana and melon as we would have done with any fundamental data type. 

Once declared, product has become a new valid type name like the fundamental ones int, char or short and 
from that point on we are able to declare objects (variables) of this compound new type, like we have done 
with apple, banana and melon. 

Right at the end of the struct declaration, and before the ending semicolon, we can use the optional field 
object_name to directly declare objects of the structure type. For example, we can also declare the structure 
objects apple, banana and melon at the moment we define the data structure type this way: 


struct product { 

int weight; 
float price; 

} apple, banana, melon; 

It is important to clearly differentiate between what is the structure type name, and what is an object 
(variable) that has this structure type. We can instantiate many objects (i.e. variables, like apple, banana and 
melon) from a single structure type (product). 
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Once we have declared our three objects of a determined structure type (apple, banana and melon) we can 
operate directly with their members. To do that we use a dot (.) inserted between the object name and the 
member name. For example, we could operate with any of these elements as if they were standard variables 
of their respective types: 


apple.weight 

apple.price 

banana.weight 

banana.price 

melon.weight 

melon.price 

Each one of these has the data type corresponding to the member they refer to: apple.weight, banana.weight 
and melon.weight are of type int, while apple.price, banana.price and melon.price are of type float. 

Let's see a real example where you can see how a structure type can be used in the same way as 
fundamental types: 


// example about structures 

Enter title: Alien 

#include <iostream> 

Enter year: 1979 

#include <string> 


#include <sstream> 

My favorite movie is: 

using namespace std; 

2001 A Space Odyssey (1968) 


And yours is: 

struct movies t { 

Alien (1979) 

string title; 


int year; 


} mine, yours; 


void printmovie (movies_t movie); 


int main () 


{ 



Tl-1 





































string mystr; 


mine.title = "2001 A Space Odyssey"; 


mine.year = 1968; 


cout « "Enter title: "; 


getline (cin,yours.title); 


cout « "Enter year: "; 


getline (cin,mystr); 


stringstream(mystr) » yours.year; 


cout « "My favorite movie is:\n "; 


printmovie (mine); 


cout « "And yours is:\n "; 


printmovie (yours); 


return 0; 


} 


void printmovie (movies_t movie) 


{ 


cout« movie.title; 


cout « " (" « movie.year « ")\n"; 


} 



The example shows how we can use the members of an object as regular variables. For example, the 
member yours.year is a valid variable of type int, and mine.title is a valid variable of type string. 

The objects mine and yours can also be treated as valid variables of type movies_t, for example we have 
passed them to the function printmovie as we would have done with regular variables. Therefore, one of the 
most important advantages of data structures is that we can either refer to their members individually or to 
the entire structure as a block with only one identifier. 
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Data structures are a feature that can be used to represent databases, especially if we consider the possibility 
of building arrays of them: 






// array 

of structures 

Enter title: Blade Runner 

#include 

<iostream> 

Enter year: 1982 

#include 

<string> 

Enter title: Matrix 

#include <sstream> 

Enter year: 1999 

using namespace std; 

Enter title: Taxi Driver 



Enter year: 1976 

#define N MOVIES 3 




You have entered these movies: 

struct movies t { 

Blade Runner (1982) 

string title; 

Matrix (1999) 

int year; 

Taxi Driver (1976) 

} films [N MOVIES]; 


void printmovie (movies_t movie); 


int main () 


{ 



string mystr; 



II-II-1 


















































for (n=0; n<N_MOVIES; n++) 

{ 

coiit « "Enter title: 

getline (cin,films[n].title); 
cout « "Enter year: "; 

getline (cin,mystr); 
stringstream(mystr) » films[n].year; 


} 

cout « "\nYou have entered these movies:\n"; 
for (n=0; n<N_MOVIES; n++) 

printmovie (films [n]); 

return 0; 


} 

void printmovie (movies_t movie) 

{ 


cout« movie.title; 

cout « " (" « movie.year « ")\n"; 


} 

Pointers to structures 

Like any other type, structures can be pointed by its own type of pointers: 


struct movies_t { 



string title; 
int year; 











movies_t amovie; 
movies_t * pmovie; 

Here amovie is an object of structure type movies_t, and pmovie is a pointer to point to objects of structure 
type movies_t. So, the following code would also be valid: 


pmovie = &amovie; 

The value of the pointer pmovie would be assigned to a reference to the object amovie (its memory 
address). 
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We will now go with another example that includes pointers, which will serve to introduce a new operator: 
the arrow operator (->): 




pointers to structures #include <iostream> #include <string> #include <sstream> using namespace std; 

struct movies_t { 

string title; 
int year; 


int main () 


string mystr; 

movies_t amovie; 

movies_t * pmovie; 
pmovie = &amovie; 

coiit « "Enter title: 

getline (cin, pmovie->title); 

cout « "Enter year: "; 
getline (cin, mystr); 

(stringstream) mystr » pmovie->year; 

cout « "\nYou have entered:\n"; cout « pmovie->title; 


cout « " (" « pmovie->year « ")\n"; 


return 0; 

} 

Enter title: Invasion of the body snatchers 
Enter year: 1978 

You have entered: 

Invasion of the body snatchers (1978) 


The previous code includes an important introduction: the arrow operator (->). This is a dereference 
operator that is used exclusively with pointers to objects with members. This operator serves to access a 
member of an object to which we have a reference. In the example we used: 


pmovie->title 

Which is for all purposes equivalent to: 


(*pmovie).title 

Both expressions pmovie->title and (*pmovie).title are valid and both mean that we are evaluating the 
member title of the data structure pointed by a pointer called pmovie. It must be clearly differentiated from: 








*pmovie.title 


which is equivalent to: 


*(pmovie.title) 

And that would access the value pointed by a hypothetical pointer member called title of the structure object 
pmovie (which in this case would not be a pointer). The following panel summarizes possible combinations 
of pointers and structure members: 
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Expression 

What is evaluated 

Equivalent j 

a.b 

Member b of object a 


a->b 

Member b of object pointed by a 

(*a).b 

*a.b 

Value pointed by member b of object 

a*(a.b) 


Nesting structures 

Structures can also be nested so that a valid element of a structure can also be in its turn another 
structure. 


struct movies_t { 


string title; 
int year; 



struct friends_t { 


string name; 























string email; 

movies_t favorite_movie; 

} charlie, maria; 

friends_t * pfriends = &charlie; 

After the previous declaration we could use any of the following expressions 


charlie. name 

maria.favorite_movie.title 
charlie.favorite_movie.year 

pfriends->favorite_movie.year 

(where, by the way, the last two expressions refer to the same member). 
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Other Data Types 

Defined data types (typedef) 

C++ allows the definition of our own types based on other existing data types. We can do this using the 
keyword typedef, whose format is: 

typedef existing_type new_type_name ; 

where existing_type is a C++ fundamental or compound type and new_type_name is the name for the new 
type we are defining. For example: 


typedef char C; 

typedef unsigned int WORD; 
typedef char * pChar; 

typedef char field [50]; 

In this case we have defined four data types: C, WORD, pChar and field as char, unsigned int, char* and 
char[50] respectively, that we could perfectly use in declarations later as any other valid type: 


C my char, anotherchar, *ptcl; 

WORD myword; 

pChar ptc2; 
field name; 

typedef does not create different types. It only creates synonyms of existing types. That means that the type 
of myword can be considered to be either WORD or unsigned int, since both are in fact the same type. 







typedef can be useful to define an alias for a type that is frequently used within a program. It is also useful 
to define types when it is possible that we will need to change the type in later versions of our program, or if 
a type you want to use has a name that is too long or confusing. 

Unions 

Unions allow one same portion of memory to be accessed as different data types, since all of them are in 
fact the same location in memory. Its declaration and use is similar to the one of structures but its 
functionality is totally different: 

union union_name { 

memberjypel member_namel; 

member_type2 member_name2; 
member_type3 member_name3; 


} object_names; 

All the elements of the union declaration occupy the same physical space in memory. Its size is the one of 
the greatest element of the declaration. For example: 
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union mytypes_t { 

char c; 
int i; 

float f; 

} mytypes; 


defines three elements: 


mytypes.c 
mytypes.i 

mytypes.f 

each one with a different data type. Since all of them are referring to the same location in memory, the 
modification of one of the elements will affect the value of all of them. We cannot store different values in 
them independent of each other. 

One of the uses a union may have is to unite an elementary type with an array or structures of smaller 
elements. 

For example: 










union mix_t { 


long 1; 
struct { 


} mix; 


short hi; 
short lo; 


} s; char c[4]; 


defines three names that allow us to access the same group of 4 bytes: mix.l, mix.s and mix.c and which we 
can use according to how we want to access these bytes, as if they were a single long-type data, as if they 
were two short elements or as an array of char elements, respectively. I have mixed types, arrays and 
structures in the union so that you can see the different ways that we can access the data. For a little-endian 
system (most PC platforms), this union could be represented as: 


ml* 



nix.|.hi 




Ih 


mx.E.lu 


irix,c[0] iwije.cEl] iriX'C[£] 


rrix,C[l] 


The exact alignment and order of the members of a union in memory is platform dependant. Therefore be 
aware of possible portability issues with this type of use. 

Anonymous unions 

In C++ we have the option to declare anonymous unions. If we declare a union without any name, the union 
will be anonymous and we will be able to access its members directly by their member names. For example, 
look at the difference between these two structure declarations: 
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structure with regular union structure with anonymous union 


struct { 

struct { 

char title[50]; 

char title[50]; 

char author[50]; 

char author[50]; 

union { 

union { 

float dollars; 

float dollars; 

int yens; 

int yens; 

} price; 

}; 

} book; 

} book; 


The only difference between the two pieces of code is that in the first one we have given a name to the 
union (price) and in the second one we have not. The difference is seen when we access the members 
dollars and yens of an object of this type. For an object of the first type, it would be: 


book.price.dollars 
book.price.yens 

whereas for an object of the second type, it would be: 


book.dollars 



































book.yens 


Once again I remind you that because it is a union and not a struct, the members dollars and yens occupy 
the same physical space in the memory so they cannot be used to store two different values simultaneously. 
You can set a value for price in dollars or in yens, but not in both. 

Enumerations (enum) 

Enumerations create new data types to contain something different that is not limited to the values 
fundamental data types may take. Its form is the following: 

enum enumeration_name { 

value 1, 

value2, 

value3, 


} object_names; 

For example, we could create a new type of variable called color to store colors with the following 
declaration: 


enum colors_t {black, blue, green, cyan, red, purple, yellow, white); 

Notice that we do not include any fundamental data type in the declaration. To say it somehow, we have 
created a whole new data type from scratch without basing it on any other existing type. The possible values 
that variables of this new type color_t may take are the new constant values included within braces. For 
example, once the colors_t enumeration is declared the following expressions will be valid: 


colors_t mycolor; 


mycolor = blue; 

if (mycolor == green) mycolor = red; 

Enumerations are type compatible with numeric variables, so their constants are always assigned an integer 
numerical value internally. If it is not specified, the integer value equivalent to the first possible value is 
equivalent to 0 and the following ones follow a +1 progression. Thus, in our data type colors_t that we have 
defined above, black would be equivalent toO, blue would be equivalent tol, green to2, and so on. 
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We can explicitly specify an integer value for any of the constant values that our enumerated type can take. 
If the constant value that follows it is not given an integer value, it is automatically assumed the same value 
as the previous one plus one. For example: 


enum months_t { january=l, february, march, april, may, june, july, august, 

September, October, november, 
december} y2k; 

In this case, variable y2k of enumerated type months_t can contain any of the 12 possible values that go 
from january to december and that are equivalent to values between 1 and 12 (not between 0 and 11, since 
we have made january equal to 1). 
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Object Oriented Programming 

Classes (I) 

A class is an expanded concept of a data structure: instead of holding only data, it can hold both data and 
functions. 

An object is an instantiation of a class. In terms of variables, a class would be the type, and an object would 
be the variable. 

Classes are generally declared using the keyword class, with the following format: 

class class_name { 

access_specif ier_l: 

memberl; 
access_specif ier_2: 

member2; 


} object_names; 

Where class_name is a valid identifier for the class, object_names is an optional list of names for objects of 
this class. The body of the declaration can contain members, that can be either data or function declarations, 
and optionally access specifiers. 

All is very similar to the declaration on data structures, except that we can now include also functions and 
members, but also this new thing called access specifier. An access specifier is one of the following three 
keywords: private, public or protected. These specifiers modify the access rights that the members 
following them acquire: 


private members of a class are accessible only from within other 
members of the same class or from their friends. 

protected members are accessible from members of their same class 
and from their friends, but also from members of their derived 
classes. 

Finally, public members are accessible from anywhere where the 
object is visible. 


By default, all members of a class declared with the class keyword have private access for all its members. 



Therefore, any member that is declared before one other class specifier automatically has private access. 
For example: 


class CRectangle { 

int x, y; 

public: 

void set_values (int,int); 
int area (void); 

} rect; 


Declares a class (i.e., a type) called CRectangle and an object (i.e., a variable) of this class called rect. This 
class contains four members: two data members of type int (member x and member y) with private access 
(because private is the default access level) and two member functions with public access: set_values() and 
area(), of which for now we have only included their declaration, not their definition. 

Notice the difference between the class name and the object name: In the previous example, CRectangle 
was the class name (i.e., the type), whereas rect was an object of type CRectangle. It is the same 
relationship int and a have in the following declaration: 
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int a; 

where int is the type name (the class) and a is the variable name (the object). 

After the previous declarations of CRectangle and rect, we can refer within the body of the program to any 
of the public members of the object rect as if they were normal functions or normal variables, just by 
putting the object's name followed by a dot (.) and then the name of the member. All very similar to what 
we did with plain data structures before. For example: 


rect.set_values (3,4); 
myarea = rect.area(); 

The only members of rect that we cannot access from the body of our program outside the class are x and y, 
since they have private access and they can only be referred from within other members of that same class. 


Here is the complete example of class CRectangle: 




// classes example 

area: 12 

#include <iostream> 


using namespace std; 


class CRectangle { 


int x, y; 


public: 


void set values (int,int); 


int area () {return (x*y);} 


}; 


void CRectangle::set_values (int a, int b) { 


x = a; 


y = b; 


} 


int main () { 


CRectangle rect; 

















































rect.set values (3,4); 


cout « "area: " « rect.area(); 


return 0; 


} 



The most important new thing in this code is the operator of scope (::, two colons) included in the definition 
of set_values(). It is used to define a member of a class from outside the class definition itself. 

You may notice that the definition of the member function area() has been included directly within the 
definition of the CRectangle class given its extreme simplicity, whereas set_values() has only its prototype 
declared within the class, but its definition is outside it. In this outside declaration, we must use the operator 
of scope (::) to specify that we are defining a function that is a member of the class CRectangle and not a 
regular global function. 

The scope operator (::) specifies the class to which the member being declared belongs, granting exactly the 
same scope properties as if this function definition was directly included within the class definition. For 
example, in the function set_values() of the previous code, we have been able to use the variables x and y, 
which are private members of class CRectangle, which means they are only accessible from other members 
of their class. 

The only difference between defining a class member function completely within its class or to include only 
the prototype and later its definition, is that in the first case the function will automatically be considered an 
inline member function by the compiler, while in the second it will be a normal (not-inline) class member 
function, which in fact supposes no difference in behavior. 

Members x and y have private access (remember that if nothing else is said, all members of a class defined 
with keyword class have private access). By declaring them private we deny access to them from anywhere 
outside the 
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class. This makes sense, since we have already defined a member function to set values for those members 
within the object: the member function set_values(). Therefore, the rest of the program does not need to 
have direct access to them. Perhaps in a so simple example as this, it is difficult to see an utility in 
protecting those two variables, but in greater projects it may be very important that values cannot be 
modified in an unexpected way (unexpected from the point of view of the object). 

One of the greater advantages of a class is that, as any other type, we can declare several objects of it. For 
example, following with the previous example of class CRectangle, we could have declared the object rectb 
in addition to the object rect: 


// example: one class, two objects 


rect area: 12 

#include <iostream> 


rectb area: 30 

using namespace std; 



class CRectangle { 



int x, y; 



public: 



void set values (int,int); 



int area () {return (x*y);} 



}; 



void CRectangle::set_values (int a, int b) { 



x = a; 



y = b; 



} 



int main () { 



CRectangle rect, rectb; 



rect.set values (3,4); 



rectb.set values (5,6); 



cout « "rect area: " « rect.area() « endl; 



cout « "rectb area: " « rectb.area() « endl; 



return 0; 



} 




In this concrete case, the class (type of the objects) to which we are talking about is CRectangle, of which 
there are two instances or objects: rect and rectb. Each one of them has its own member variables and 
member functions. 










































































Notice that the call to rect.area() does not give the same result as the call to rectb.area(). This is because 
each object of class CRectangle has its own variables x and y, as they, in some way, have also their own 
function members set_value() and area() that each uses its object's own variables to operate. 

That is the basic concept of object-oriented programming : Data and functions are both members of the 
object. We no longer use sets of global variables that we pass from one function to another as parameters, 
but instead we handle objects that have their own data and functions embedded as members. Notice that we 
have not had to give any parameters in any of the calls to rect.area or rectb.area. Those member functions 
directly used the data members of their respective objects rect and rectb. 

Constructors and destructors 

Objects generally need to initialize variables or assign dynamic memory during their process of creation to 
become operative and to avoid returning unexpected values during their execution. For example, what 
would happen if in the previous example we called the member function area() before having called 
function set_values()? Probably we would have gotten an undetermined result since the members x and y 
would have never been assigned a value. 

In order to avoid that, a class can include a special function called constructor, which is automatically called 
whenever a new object of this class is created. This constructor function must have the same name as the 
class, and cannot have any return type; not even void. 

We are going to implement CRectangle including a constructor: 
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// example: class constructor 


rect area: 12 

#include <iostream> 


rectb area: 30 

using namespace std; 



class CRectangle { 



int width, height; 



public: 



CRectangle (int,int); 



int area () {return (width*height);} 



}; 



CRectangle::CRectangle (int a, int b) { 



width = a; 



height = b; 



} 



int main () { 



CRectangle rect (3,4); 



CRectangle rectb (5,6); 



cout « "rect area: " « rect.area() « endl; 



cout « "rectb area: " « rectb.area() « endl; 



return 0; 



} 




As you can see, the result of this example is identical to the previous one. But now we have removed the 
member function set_values(), and have included instead a constructor that performs a similar action: it 
initializes the values of x and y with the parameters that are passed to it. 

Notice how these arguments are passed to the constructor at the moment at which the objects of this class 
are created: 


CRectangle rect (3,4); 

CRectangle rectb (5,6); 

Constructors cannot be called explicitly as if they were regular member functions. They are only executed 





































































when a new object of that class is created. 


You can also see how neither the constructor prototype declaration (within the class) nor the latter 
constructor definition include a return value; not even void. 

The destructor fulfills the opposite functionality. It is automatically called when an object is destroyed, 
either because its scope of existence has finished (for example, if it was defined as a local object within a 
function and the function ends) or because it is an object dynamically assigned and it is released using the 
operator delete. 

The destructor must have the same name as the class, but preceded with a tilde sign (~) and it must also 
return no value. 

The use of destructors is especially suitable when an object assigns dynamic memory during its lifetime and 
at the moment of being destroyed we want to release the memory that the object was allocated. 
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// example on constructors and destructors 


rect area: 12 











#include <iostream> 


rectb area: 30 


using namespace std; 
class CRectangle { 

int *width, ^height; 

public: 

CRectangle (int,int); 

^CRectangle (); 

int area () {return (*width * ^height);} 

}; 


CRectangle::CRectangle (int a, int b) { 

width = new int; 
height = new int; 

*width = a; 

^height = b; 


} 

CRectangle::~CRectangle () { 

delete width; 

delete height; 

} 


int main () { 


CRectangle rect (3,4), rectb (5,6); 

cout « "rect area: " « rect.area() « endl; 

cout « "rectb area: " « rectb.area() « endl; 
return 0; 


} 

Overloading Constructors 

Like any other function, a constructor can also be overloaded with more than one function that have the 
same name but different types or number of parameters. Remember that for overloaded functions the 
compiler will call the one whose parameters match the arguments used in the function call. In the case of 
constructors, which are automatically called when an object is created, the one executed is the one that 
matches the arguments passed on the object declaration: 
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// overloading class constructors 
#include <iostream> 


rect area: 12 
rectb area: 25 







using namespace std; 


class CRectangle { 

int width, height; 

public: 

CRectangle (); 

CRectangle (int,int); 

int area (void) {return (width*height);} 


CRectangle::CRectangle () { 

width = 5; 
height = 5; 


} 

CRectangle::CRectangle (int a, int b) { 

width = a; 

height = b; 

} 

int main () { 


CRectangle rect (3,4); 

CRectangle rectb; 

cout « "rect area: " « rect.area() « endl; 
cout « "rectb area: " « rectb.area() « endl; 

return 0; 

} 

In this case, rectb was declared without any arguments, so it has been initialized with the constructor that 
has no parameters, which initializes both width and height with a value of 5. 

Important: Notice how if we declare a new object and we want to use its default constructor (the one 
without parameters), we do not include parentheses (): 


CRectangle 

rectb; 

// 

right j 

CRectangle 

rectb(); 

// 

wrong! 


Default constructor 

If you do not declare any constructors in a class definition, the compiler assumes the class to have a default 
constructor with no arguments. Therefore, after declaring a class like this one: 



















class CExample { 

public: 


int a,b,c; 

void multiply (int n, int m) { a=n; b=m; c=a*b; }; }; 

The compiler assumes that CExample has a default constructor, so you can declare objects of this class by 
simply declaring them without any arguments: 


CExample ex; 

But as soon as you declare your own constructor for a class, the compiler no longer provides an implicit 
default constructor. So you have to declare all objects of that class according to the constructor prototypes 
you defined for the class: 
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class CExample { 

public: 

int a,b,c; 

CExample (int n, int m) { a=n; b=m; }; 


void multiply () { c=a*b; }; 



Here we have declared a constructor that takes two parameters of type int. Therefore the following object 
declaration would be correct: 


CExample ex (2,3); 


But, 


CExample ex; 

Would not be correct, since we have declared the class to have an explicit constructor, thus replacing the 
default constructor. 

But the compiler not only creates a default constructor for you if you do not specify your own. It provides 
three special member functions in total that are implicitly declared if you do not declare your own. These 
are the copy constructor , the copy assignment operator , and the default destructor. 

The copy constructor and the copy assignment operator copy all the data contained in another object to the 
data members of the current object. For CExample, the copy constructor implicitly declared by the compiler 
would be something similar to: 








CExample: :CExample (const CExample& rv) { 


a=rv.a; b=rv.b; c=rv.c; 

} 


Therefore, the two following object declarations would be correct: 


CExample 

ex (2,3); 



CExample 

ex2 (ex); 

// copy constructor (data copied from ex) 


Pointers to classes 

It is perfectly valid to create pointers that point to classes. We simply have to consider that once declared, a 
class becomes a valid type, so we can use the class name as the type for the pointer. For example: 


CRectangle * prect; 

is a pointer to an object of class CRectangle. 

As it happened with data structures, in order to refer directly to a member of an object pointed by a pointer 
we can use the arrow operator (->) of indirection. Here is an example with some possible combinations: 


92 





















// pointer to classes example 

a area: 2 

#include <iostream> 

*b area: 12 

using namespace std; 

*c area: 2 


d[0] area: 30 

class CRectangle { 

d[l] area: 56 

int width, height; 


public: 


void set values (int, int); 


int area (void) {return (width * height);} 


}; 


void CRectangle::set_values (int a, int b) { 


width = a; 


height = b; 


} 


int main () { 


CRectangle a, *b, *c; 


CRectangle * d = new CRectangle[2]; 


b= new CRectangle; 


n 

II 


a.set values (1,2); 


b->set_values (3,4); 


d->set values (5,6); 


d[l].set values (7,8); 


cout « "a area: " « a.area() « endl; 


cout « M *b area: M « b->area() « endl; 


cout « M *c area: " « c->area() « endl; 


cout « M d[0] area: M « d[0].area() « endl; 


cout « M d[l] area: " « d[l].area() « endl; 


delete[] d; 


delete b; 


return 0; 


} 




















































































Next you have a summary on how can you read some pointer and class operators (*, &, ->, [ ]) that 

appear in the previous example: 


expression 

can be read as 

*x 

pointed by x 

&x 

address of x 

x-y 

member y of object x 

x->y 

member y of object pointed by x 

(* x ).y 

member y of object pointed by x (equivalent to the previous one) 

x[0] 

first object pointed by x 

x[l] 

second object pointed by x 

x[n] 

(n+l)th object pointed by x 


Be sure that you understand the logic under all of these expressions before proceeding with the next 
sections. If you have doubts, read again this section and/or consult the previous sections about 
pointers and data structures. 

Classes defined with struct and union 

Classes can be defined not only with keyword class, but also with keywords struct and union. 

The concepts of class and data structure are so similar that both keywords (struct and class) can be 
used in C++ to declare classes (i.e. structs can also have function members in C++, not only data 
members). The only difference between both is that members of classes declared with the keyword 
struct have public access by default, while members of classes declared with the keyword class have 
private access. For all other purposes both keywords are equivalent. 
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The concept of unions is different from that of classes declared with struct and class, since unions only store 
one data member at a time, but nevertheless they are also classes and can thus also hold function members. 
The default access in union classes is public. 
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Classes (II) 

Overloading operators 

C++ incorporates the option to use standard operators to perform operations with classes in addition to with 
fundamental types. For example: 


int a, b, c; 
a = b + c; 

This is obviously valid code in C++, since the different variables of the addition are all fundamental types. 
Nevertheless, it is not so obvious that we could perform an operation similar to the following one: 


struct { 


string product; 
float price; 


} a, b, c; a = b + c; 


In fact, this will cause a compilation error, since we have not defined the behavior our class should have 
with addition operations. However, thanks to the C++ feature to overload operators, we can design classes 
able to perform operations using standard operators. Here is a list of all the operators that can be 
overloaded: 












Overloadable operators 


+ 

- 

* 

/ 

— 

< 

> 

+= 

— 

*— 

/= 


«= 

»= 

—— 

! = 

• 

<= 

>= 

++ 

— 

% 

& 

A 



&= 

A= 

= 

&& 


%= 

[] 

0 


>* 


delete 

new[] 


delete [] 








To overload an operator in order to use it with classes we declare operator functions, which are regular 
functions whose names are the operator keyword followed by the operator sign that we want to overload. 
The format is: 

type operator sign (parameters) {/*...*/} 

Here you have an example that overloads the addition operator (+). We are going to create a class to store 
bidimensional vectors and then we are going to add two of them: a(3,l) and b(l,2). The addition of two 
bidimensional vectors is an operation as simple as adding the two x coordinates to obtain the resulting x 
coordinate and adding the two y coordinates to obtain the resulting y. In this case the result will be 
(3+1,1+2) = (4,3). 
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// vectors: overloading operators example 

4,3 

#include <iostream> 


using namespace std; 


class CVector { 


public: 


int x,y; 


CVector () {}; 


CVector (int,int); 


CVector operator + (CVector); 


}; 


CVector::CVector (int a, int b) { 


x = a; 


y = b; 


} 


CVector CVector: :operator+ (CVector param) { 


CVector temp; 


temp.x = x + param.x; 


temp.y = y + param.y; 


return (temp); 


} 


int main () { 


CVector a (3,1); 


CVector b (1,2); 


CVector c; 


c = a + b; 


cout « c.x « « c.y; 


return 0; 


} 



It may be a little confusing to see so many times the CVector identifier. But, consider that some of them 
refer to the class name (type) CVector and some others are functions with that name (constructors must have 
the same name as the class). Do not confuse them: 

ll- II-II-II-II- ImI 


































































CVector 

(int, int); 

// 

function 

name CVector (constructor) 


CVector 

operator+ (CVector); 

// 

function 

returns a CVector 



The function operator+ of class CVector is the one that is in charge of overloading the addition operator (+). 
This function can be called either implicitly using the operator, or explicitly using the function name: 


c = a + b; 

c = a.operator+ (b); 

Both expressions are equivalent. 

Notice also that we have included the empty constructor (without parameters) and we have defined it with 
an empty block: 

_l 

CVector () { }; 

This is necessary, since we have explicitly declared another constructor: 


CVector (int, int); 

And when we explicitly declare any constructor, with any number of parameters, the default constructor 
with no parameters that the compiler can declare automatically is not declared, so we need to declare it 
ourselves in order to be able to construct objects of this type without parameters. Otherwise, the declaration: 
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CVector c; 


included in main() would not have been valid. 

Anyway, I have to warn you that an empty block is a bad implementation for a constructor, since it 
does not fulfill the minimum functionality that is generally expected from a constructor, which is the 
initialization of all the member variables in its class. In our case this constructor leaves the variables 
x and y undefined. Therefore, a more advisable definition would have been something similar to this: 


CVector () { x=0; y=0; }; 

which in order to simplify and show only the point of the code I have not included in the example. 

As well as a class includes a default constructor and a copy constructor even if they are not declared, 
it also includes a default definition for the assignment operator (=) with the class itself as parameter. 
The behavior which is defined by default is to copy the whole content of the data members of the 
object passed as argument (the one at the right side of the sign) to the one at the left side: 


CVector d (2,3); 

CVector e; 

e = d; // copy assignment operator 

The copy assignment operator function is the only operator member function implemented by 
default. Of course, you can redefine it to any other functionality that you want, like for example, 
copy only certain class members or perform additional initialization procedures. 

The overload of operators does not force its operation to bear a relation to the mathematical or usual 
meaning of the operator, although it is recommended. For example, the code may not be very 
intuitive if you use operator + to subtract two classes or operator== to fill with zeros a class, although 
it is perfectly possible to do so. 

Although the prototype of a function operator+ can seem obvious since it takes what is at the right 
side of the operator as the parameter for the operator member function of the object at its left side, 
other operators may not be so obvious. Here you have a table with a summary on how the different 
operator functions have to be declared (replace @ by the operator in each case): 




Expression 

Operator 

Member 

function 

Global function 

@a 

+ - * & ! ~ ++ - 

A::operator@() 

operator@(A) 

a@ 

+ + — 

A::operator@(int) 

operator@(A,int) 

a@b 

+ - * / % A & | <>==!=<=>=« » && 

,A::operator@ (B) 

operator@(A,B) 

a@b 

= += .= *= /= %= A= &= = «= »= [] 

A::operator@ (B) 

- 

a(b, c...) 

0 

A::operator() (B, C...) 

- 

a->x 

-> 

A::operator->() 

- 


Where a is an object of class A, b is an object of class B and c is an object of class C. 

You can see in this panel that there are two ways to overload some class operators: as a member 
function and as a global function. Its use is indistinct, nevertheless I remind you that functions that 
are not members of a class cannot access the private or protected members of that class unless the 
global function is its friend (friendship is explained later). 

The keyword this 

The keyword this represents a pointer to the object whose member function is being executed. It is a 
pointer to the object itself. 
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One of its uses can be to check if a parameter passed to a member function is the object itself. For example, 


// this 

yes, &a is b 

#include <iostream> 


using namespace std; 


class CDummy { 


public: 


int isitme (CDummy& param); 


}; 


int CDummy: :isitme (CDummy& param) 


{ 


if (&param == this) return true; 


else return false; 


} 


int main () { 


CDummy a; 


CDummy* b = &a; 


if (b->isitme(a)) 


cout « "yes, &a is b"; 


return 0; 


} 



It is also frequently used in operator^ member functions that return objects by reference (avoiding the use 
of temporary objects). Following with the vector's examples seen before we could have written an operator^ 
function similar to this one: 


CVector& CVector::operator= (const CVector& param) 




















































{ 


x=param.x; 

y=param.y; 


return *this; 


} 

In fact this function is very similar to the code that the compiler generates implicitly for this class if we do 
not include an operator^ member function to copy objects of this class. 

Static members 

A class can contain static members, either data or functions. 

Static data members of a class are also known as "class variables", because there is only one unique value 
for all the objects of that same class. Their content is not different from one object of this class to another. 

For example, it may be used for a variable within a class that can contain a counter with the number of 
objects of that class that are currently allocated, as in the following example: 
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// static members in classes 

7 

#include <iostream> 

6 

using namespace std; 


class CDummy { 


public: 


static int n; 


CDummy () { n++; }; 


-CDummy () { n—; }; 


}; 


int CDummy: :n=0; 


int main () { 1 


CDummy a; 


CDummy b[5]; 


CDummy * c = new CDummy; 


cout « a.n « endl; 


delete c; 


cout « CDummy: :n « endl; 


return 0; 


} 



In fact, static members have the same properties as global variables but they enjoy class scope. For that 
reason, and to avoid them to be declared several times, we can only include the prototype (its declaration) in 
the class declaration but not its definition (its initialization). In order to initialize a static data-member we 
must include a formal definition outside the class, in the global scope, as in the previous example: 


int CDummy::n=0; 

Because it is a unique variable value for all the objects of the same class, it can be referred to as a member 
of any object of that class or even directly by the class name (of course this is only valid for static 
members): 


cout« a.n; 
























































coiit« CDummynn; 


These two calls included in the previous example are referring to the same variable: the static variable n 
within class CDummy shared by all objects of this class. 

Once again, I remind you that in fact it is a global variable. The only difference is its name and possible 
access restrictions outside its class. 

Just as we may include static data within a class, we can also include static functions. They represent the 
same: they are global functions that are called as if they were object members of a given class. They can 
only refer to static data, in no case to non-static members of the class, as well as they do not allow the use of 
the keyword this, since it makes reference to an object pointer and these functions in fact are not members 
of any object but direct members of the class. 
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Friendship and inheritance 

Friend functions 

In principle, private and protected members of a class cannot be accessed from outside the same class in 
which they are declared. However, this rule does not affect friends. 

Friends are functions or classes declared as such. 

If we want to declare an external function as friend of a class, thus allowing this function to have access to 
the private and protected members of this class, we do it by declaring a prototype of this external function 
within the class, and preceding it with the keyword friend: 


// friend functions 

24 

#include <iostream> 


using namespace std; 


class CRectangle { 


int width, height; 


public: 


void set values (int, int); 


int area () {return (width * height);} 


friend CRectangle duplicate (CRectangle); 


}; 


void CRectangle::set_values (int a, int b) { 


width = a; 


height = b; 


} 


CRectangle duplicate (CRectangle rectparam) 


{ 


CRectangle rectres; 


rectres.width = rectparam.width*2; 


rectres.height = rectparam.height*2; 


return (rectres); 


} 

-1 

-1 





















































int main () { ! 


CRectangle rect, rectb; 


rect.set values (2,3); 


rectb = duplicate (rect); 


cout« rectb.area(); 


return 0; 


} 



The duplicate function is a friend of CRectangle. From within that function we have been able to access the 
members width and height of different objects of type CRectangle, which are private members. Notice that 
neither in the declaration of duplicate() nor in its later use in main() have we considered duplicate a member 
of class CRectangle. It isn't! It simply has access to its private and protected members without being a 
member. 

The friend functions can serve, for example, to conduct operations between two different classes. Generally, 
the use of friend functions is out of an object-oriented programming methodology, so whenever possible it 
is better to use members of the same class to perform operations with them. Such as in the previous 
example, it would have been shorter to integrate duplicate() within the class CRectangle. 
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Friend classes 



Just as we have the possibility to define a friend function, we can also define a class as friend of another 
one, granting that first class access to the protected and private members of the second one. 


// friend class 

16 

#include <iostream> 


using namespace std; 


class CSquare; 


class CRectangle { 


int width, height; 


public: 


int area () 


{return (width * height);} 


void convert (CSquare a); 


}; 


class CSquare { 


private: 


int side; 


public: 


void set side (int a) 


{side=a;} 


friend class CRectangle; 


}; 


void CRectangle::convert (CSquare a) { 


width = a.side; 


height = a.side; 


} 


int main () { 


CSquare sqr; 


CRectangle rect; 


sqr.set side(4); 








































































rect.convert(sqr); 


cout« rect.area(); 


return 0; 


} 



In this example, we have declared CRectangle as a friend of CSquare so that CRectangle member functions 
could have access to the protected and private members of CSquare, more concretely to CSquare::side, 
which describes the side width of the square. 

You may also see something new at the beginning of the program: an empty declaration of class CSquare. 
This is necessary because within the declaration of CRectangle we refer to CSquare (as a parameter in 
convert()). The definition of CSquare is included later, so if we did not include a previous empty declaration 
for CSquare this class would not be visible from within the definition of CRectangle. 

Consider that friendships are not corresponded if we do not explicitly specify so. In our example, 
CRectangle is considered as a friend class by CSquare, but CRectangle does not consider CSquare to be a 
friend, so CRectangle can access the protected and private members of CSquare but not the reverse way. Of 
course, we could have declared also CSquare as friend of CRectangle if we wanted to. 

Another property of friendships is that they are not transitive: The friend of a friend is not considered to be 
a friend unless explicitly specified. 

Inheritance between classes 

A key feature of C++ classes is inheritance. Inheritance allows to create classes which are derived from 
other classes, so that they automatically include some of its "parent's" members, plus its own. For example, 
we are going 
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to suppose that we want to declare a series of classes that describe polygons like our CRectangle, or like 
CTriangle. They have certain common properties, such as both can be described by means of only two 
sides: height and base. 


This could be represented in the world of classes with a class CPolygon from which we would derive the 
two other ones: CRectangle and CTriangle. 




The class CPolygon would contain members that are common for both types of polygon. In our case: width 
and height. And CRectangle and CTriangle would be its derived classes, with specific features that are 
different from one type of polygon to the other. 

Classes that are derived from others inherit all the accessible members of the base class. That means that if 
a base class includes a member A and we derive it to another class with another member called B, the 
derived class will contain both members A and B. 

In order to derive a class from another, we use a colon (:) in the declaration of the derived class using the 
following format: 

class derived_class_name: public base_class_name 
{/*...*/}; 

Where derived_class_name is the name of the derived class and base_class_name is the name of the class 
on which it is based. The public access specifier may be replaced by any one of the other access specifiers 
protected and private. This access specifier describes the minimum access level for the members that are 
inherited from the base class. 
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// derived classes 

20 

#include <iostream> 

10 

using namespace std; 


class CPolygon { 


protected: 


int width, height; 


public: 


void set values (int a, int b) 


{ width=a; height=b;} 


}; 


class CRectangle: public CPolygon { 


public: 


int area () 


{ return (width * height); } 


}; 


class CTriangle: public CPolygon { 


public: 


int area () 


{ return (width * height / 2); } 


}; 


int main () { 


CRectangle rect; 


CTriangle trgl; 


rect.set values (4,5); 


trgl.set values (4,5); 


cout « rect.area() « endl; 


cout « trgl.area() « endl; 


return 0; 


} 



The objects of the classes CRectangle and CTriangle each contain members inherited from 

CPolygon. These are: 

width, height and set_values(). 







































































The protected access specifier is similar to private. Its only difference occurs in fact with inheritance. 
When a class inherits from another one, the members of the derived class can access the protected 
members inherited from the base class, but not its private members. 

Since we wanted width and height to be accessible from members of the derived classes CRectangle 
and CTriangle and not only by members of CPolygon, we have used protected access instead of 
private. 

We can summarize the different access types according to who can access them in the following way: 


Access 

public 

protected 

private 

members of the same class 

yes 

yes 

yes 

members of derived classesyes 

yes 

no 

not members 

yes 

no 

no 

!— t 


Where "not members" represent any access from outside the class, such as from main(), from another 
class or from a function. 

In our example, the members inherited by CRectangle and CTriangle have the same access 
permissions as they had in their base class CPolygon: 
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CPolygon: :width 

// protected access | 

CRectangle: :width 

// protected access 

CPolygon: :set values() 

// public access 

CRectangle: :set values() 

// public access 


This is because we have used the public keyword to define the inheritance relationship on each of the 
derived classes: 


class CRectangle: public CPolygon { ... } 

This public keyword after the colon (:) denotes the maximum access level for all the members inherited 
from the class that follows it (in this case CPolygon). Since public is the most accessible level, by 
specifying this keyword the derived class will inherit all the members with the same levels they had in the 
base class. 

If we specify a more restrictive access level like protected, all public members of the base class are 
inherited as protected in the derived class. Whereas if we specify the most restricting of all access levels: 
private, all the base class members are inherited as private. 

For example, if daughter was a class derived from mother that we defined as: 


class daughter: protected mother; 

This would set protected as the maximum access level for the members of daughter that it inherited from 
mother. That is, all members that were public in mother would become protected in daughter. Of course, 
this would not restrict daughter to declare its own public members. That maximum access level is only set 
for the members inherited from mother. 

If we do not explicitly specify any access level for the inheritance, the compiler assumes private for classes 
declared with class keyword and public for those declared with struct. 

What is inherited from the base class? 

In principle, a derived class inherits every member of a base class except: 

its constructor and its destructor 
its operator=() members 


its friends 



















Although the constructors and destructors of the base class are not inherited themselves, its default 
constructor (i.e., its constructor with no parameters) and its destructor are always called when a new object 
of a derived class is created or destroyed. 

If the base class has no default constructor or you want that an overloaded constructor is called when a new 
derived object is created, you can specify it in each constructor definition of the derived class: 

derived_constructor_name (parameters): base_constructor_name (parameters) {...} 

For example: 
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// constructors and derived classes 
#include <iostream> 

mother: no parameters 
daughter: int parameter 

using namespace std; 

mother: int parameter 

class mother { 

public: 

son: int parameter 

mother () 



{ coiit « "mother: no parameters\n"; } mother (int a) 


}; 

class daughter : public mother { 

{ cout « "mother: int parameter\n"; } 


public: 

daughter (int a) 

{ cout « "daughter: int parameter\n\n"; } 


class son : public mother { 


public: 


son (int a): mother (a) 



{ cout « "son: int parameter\n\n"; } 


int main () { 


daughter cynthia (0); 
son daniel(O); 

return 0; 


} 

Notice the difference between which mother's constructor is called when a new daughter object is created 
and which when it is a son object. The difference is because the constructor declaration of daughter and son: 


daughter (int a) // nothing specified: call default 

son (int a): mother (a) // constructor specified: call this 

Multiple inheritance 

In C++ it is perfectly possible that a class inherits members from more than one class. This is done by 
simply separating the different base classes with commas in the derived class declaration. For example, if 
we had a specific class to print on screen (COutput) and we wanted our classes CRectangle and CTriangle 
to also inherit its members in addition to those of CPolygon we could write: 


class CRectangle: public CPolygon, public COutput; 
class CTriangle: public CPolygon, public COutput; 


here is the complete example: 
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// multiple inheritance 

20 

#include <iostream> 

10 

using namespace std; 


class CPolygon { 


protected: 


int width, height; 


public: 


void set values (int a, int b) 


{ width=a; height=b;} 


}; 


class COutput { 


public: 


void output (int i); 







































}; 


void COutput::output (int i) { 


cout « i « endl; 


} 



class CRectangle: public CPolygon, public COutput { public: 

int area () 

{ return (width * height); } 



class CTriangle: public CPolygon, public COutput { public: 

int area () 

{ return (width * height / 2); } 



int main () { 


CRectangle rect; 
CTriangle trgl; 

rect.set_values (4,5); 
trgl.set_values (4,5); 

rect.output (rect.area()); 
trgl.output (trgl.area()); 

return 0; 

} 
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Polymorphism 

Before getting into this section, it is recommended that you have a proper understanding of pointers 
and class inheritance. If any of the following statements seem strange to you, you should review the 
indicated sections: 


Statement: 

Explained in: 

int a::b(c) {}; 

Classes 

a->b 

Data Structures 


class a: public b;Friendship and inheritance 


Pointers to base class 

One of the key features of derived classes is that a pointer to a derived class is type-compatible with a 
pointer to its base class. Polymorphism is the art of taking advantage of this simple but powerful and 
versatile feature, that brings Object Oriented Methodologies to its full potential. 

We are going to start by rewriting our program about the rectangle and the triangle of the previous 
section taking into consideration this pointer compatibility property: 


// pointers to base class 

20 

#include <iostream> 

10 

using namespace std; 


class CPolygon { 


protected: 


int width, height; 


public: 


void set values (int a, int b) 


{ width=a; height=b; } 


}; 


class CRectangle: public CPolygon { 


public: 
































































int area () 


{ return (width * height); } 


}; 


class CTriangle: public CPolygon { 


public: 


int area () 


{ return (width * height / 2); } 


}; 


int main () { 


CRectangle rect; 


CTriangle trgl; 


CPolygon * ppolyl = &rect; 


CPolygon * ppoly2 = &trgl; 


ppolyl->set values (4,5); 


ppoly2->set values (4,5); 


cout « rect.area() « endl; 


cout « trgl.area() « endl; 


return 0; 


} 



In function main, we create two pointers that point to objects of class CPolygon(ppolyl and ppoly2). 
Then we assign references to rect and trgl to these pointers, and because both are objects of classes 
derived from CPolygon, both are valid assignment operations. 

The only limitation in using *ppolyl and *ppoly2 instead of rect and trgl is that both *ppolyl and 
*ppoly2 are of type CPolygon* and therefore we can only use these pointers to refer to the members 
that CRectangle and 
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CTriangle inherit from CPolygon. For that reason when we call the area() members at the end of the 
program we have had to use directly the objects rect and trgl instead of the pointers *ppolyl and *ppoly2. 

In order to use area() with the pointers to class CPolygon, this member should also have been declared in 
the class CPolygon, and not only in its derived classes, but the problem is that CRectangle and CTriangle 
implement different versions of area, therefore we cannot implement it in the base class. This is when 
virtual members become handy: 

Virtual members 

A member of a class that can be redefined in its derived classes is known as a virtual member. In order to 
declare a member of a class as virtual, we must precede its declaration with the keyword virtual: 






// virtual members 

20 

#include <iostream> 

10 

using namespace std; 

0 


class CPolygon { 

protected: 

int width, height; 


public: 



void set_values (int a, int b) 

{ width=a; height=b; } virtual int area () 
{ return (0); } 


class CRectangle: public CPolygon { 

public: 


int area () 













{ return (width * height); } 



class CTriangle: public CPolygon { 


public: 


int area () 



{ return (width * height / 2); } 


int main () { 


CRectangle rect; 

CTriangle trgl; 

CPolygon poly; 

CPolygon * ppolyl = &rect; 
CPolygon * ppoly2 = &trgl; 

CPolygon * ppoly3 = &poly; 
ppolyl->set_values (4,5); 

ppoly2->set_values (4,5); 
ppoly3->set_values (4,5); 

cout « ppolyl->area() « endl; 
cout « ppoly2->area() « endl; 

cout « ppoly3->area() « endl; 
return 0; 


} 

Now the three classes (CPolygon, CRectangle and CTriangle) have all the same members: width, height, 
set_values() and area(). 

The member function area() has been declared as virtual in the base class because it is later redefined in 
each derived class. You can verify if you want that if you remove this virtual keyword from the declaration 
of area() within CPolygon, and then you run the program the result will be 0 for the three polygons instead 
of 20, 10 and 0. That is because instead of calling the corresponding area() function for each object 
(CRectangle::area(), CTriangle::area() and CPolygon::area(), respectively), CPolygon::area() will be called 
in all cases since the calls are via a pointer whose type is CPolygon*. 
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Therefore, what the virtual keyword does is to allow a member of a derived class with the same name as 
one in the base class to be appropriately called from a pointer, and more precisely when the type of the 
pointer is a pointer to the base class but is pointing to an object of the derived class, as in the above 
example. 

A class that declares or inherits a virtual function is called a polymorphic class. 

Note that despite of its virtuality, we have also been able to declare an object of type CPolygon and to call 
its own area() function, which always returns 0. 

Abstract base classes 

Abstract base classes are something very similar to our CPolygon class of our previous example. The only 
difference is that in our previous example we have defined a valid area() function with a minimal 
functionality for objects that were of class CPolygon (like the object poly), whereas in an abstract base 
classes we could leave that area() member function without implementation at all. This is done by 
appending =0 (equal to zero) to the function declaration. 

An abstract base CPolygon class could look like this: 


abstract class CPolygon class CPolygon { 
protected: 

int width, height; public: 

void set_values (int a, int b) { width=a; height=b; } 


virtual int area () =0; 




Notice how we appended =0 to virtual int area () instead of specifying an implementation for the function. 
This type of function is called a pure virtual function , and all classes that contain at least one pure virtual 
function are abstract base classes. 

The main difference between an abstract base class and a regular polymorphic class is that because in 
abstract base classes at least one of its members lacks implementation we cannot create instances (objects) 
of it. 

But a class that cannot instantiate objects is not totally useless. We can create pointers to it and take 
advantage of all its polymorphic abilities. Therefore a declaration like: 


CPolygon poly; 

would not be valid for the abstract base class we have just declared, because tries to instantiate an object. 
Nevertheless, the following pointers: 


CPolygon * ppolyl; 

CPolygon * ppoly2; 
would be perfectly valid. 

This is so for as long as CPolygon includes a pure virtual function and therefore it's an abstract base class. 
However, pointers to this abstract base class can be used to point to objects of derived classes. 

Here you have the complete example: 
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// abstract base class 

20 

#include <iostream> 

10 

using namespace std; 



class CPolygon { 

protected: 

int width, height; 


public: 


void set_values (int a, int b) 


{ width=a; height=b; } virtual int area (void) 



class CRectangle: public CPolygon { 

public: 


int area (void) 

{ return (width * height); } 



class CTriangle: public CPolygon { 

public: 


int area (void) 

{ return (width * height / 2); } 



int main () { 

CRectangle rect; 

CTriangle trgl; 

CPolygon * ppolyl = &rect; 

CPolygon * ppoly2 = &trgl; 
ppolyl->set_values (4,5); 

ppoly2->set_values (4,5); 

cout « ppolyl->area() « endl; 
cout « ppoly2->area() « endl; 


return 0; 













} 


If you review the program you will notice that we refer to objects of different but related classes using a 
unique type of pointer (CPolygon*). This can be tremendously useful. For example, now we can create a 
function member of the abstract base class CPolygon that is able to print on screen the result of the area() 
function even though CPolygon itself has no implementation for this function: 
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// pure virtual members can be called 

20 

// from the abstract base class 

10 

#include <iostream> 


using namespace std; 



class CPolygon { 

protected: 

int width, height; 

public: 


void set_values (int a, int b) 



{ width=a; height=b; } virtual int area (void) =0; void printarea (void) 
{ cout « this->area() « endl; } 















class CRectangle: public CPolygon { 


public: 


int area (void) 



{ return (width * height); } 


class CTriangle: public CPolygon { 


public: 


int area (void) 



{ return (width * height / 2); } 


int main () { 


CRectangle rect; 

CTriangle trgl; 

CPolygon * ppolyl = &rect; 

CPolygon * ppoly2 = &trgl; 
ppolyl->set_values (4,5); 

ppoly2->set_values (4,5); 
ppolyl->printarea(); 

ppoly2->printarea(); 
return 0; 


} 

Virtual members and abstract classes grant C++ the polymorphic characteristics that make object-oriented 
programming such a useful instrument in big projects. Of course, we have seen very simple uses of these 
features, but these features can be applied to arrays of objects or dynamically allocated objects. 

Let's end with the same example again, but this time with objects that are dynamically allocated: 
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// dynamic allocation and polymorphism 

20 

#include <iostream> 

10 

using namespace std; 



class CPolygon { 

protected: 

int width, height; 

public: 

void set__values (int a, int b) 

{ width=a; height=b; } virtual int area (void) =0; void printarea (void) 
{ cout « this->area() « endl; } 



class CRectangle: public CPolygon { 

public: 













int area (void) 

{ return (width * height); } 



class CTriangle: public CPolygon { 

public: 


int area (void) 

{ return (width * height / 2); } 



int main () { 

CPolygon * ppolyl = new CRectangle; 

CPolygon * ppoly2 = new CTriangle; 
ppolyl->set_values (4,5); 

ppoly2->set_values (4,5); 

ppolyl->printarea(); 

ppoly2->printarea(); 

delete ppolyl; 
delete ppoly2; 

return 0; 

} 

Notice that the ppoly pointers: 


CPolygon * ppolyl = new CRectangle; 

CPolygon * ppoly2 = new CTriangle; 

are declared being of type pointer to CPolygon but the objects dynamically allocated have been declared 
having the derived class type directly. 
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Advanced concepts 


Templates 

Function templates 

Function templates are special functions that can operate with generic types. This allows us to create a 
function template whose functionality can be adapted to more than one type or class without repeating the 
entire code for each type. 

In C++ this can be achieved using template parameters. A template parameter is a special kind of parameter 
that can be used to pass a type as argument: just like regular function parameters can be used to pass values 
to a function, template parameters allow to pass also types to a function. These function templates can use 
these parameters as if they were any other regular type. 

The format for declaring function templates with type parameters is: 

template <class identified function_declaration; template <typename identified function_declaration; 

The only difference between both prototypes is the use of either the keyword class or the keyword 
typename. Its use is indistinct, since both expressions have exactly the same meaning and behave exactly 
the same way. 

For example, to create a template function that returns the greater one of two objects we could use: 


template <class myType> 


my Type GetMax (my Type a, myType b) { 
return (a>b?a:b); 


} 

Here we have created a template function with myType as its template parameter. This template parameter 
represents a type that has not yet been specified, but that can be used in the template function as if it were a 
regular type. As you can see, the function template GetMax returns the greater of two parameters of this 



still-undefined type. 

To use this function template we use the following format for the function call: 
function_name <type> (parameters); 

For example, to call GetMax to compare two integer values of type int we can write: 


int x,y; 

GetMax <int> (x,y); 

When the compiler encounters this call to a template function, it uses the template to automatically generate 
a function replacing each appearance of myType by the type passed as the actual template parameter (int in 
this case) and then calls it. This process is automatically performed by the compiler and is invisible to the 
programmer. 

Here is the entire example: 
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// function template 

6 

#include <iostream> 

10 

using namespace std; 


template <class T> 


T GetMax (T a, T b) { 


T result; 


result = (a>b)? a : b; 


return (result); 


} 


int main () { 


int i=5, j=6, k; 


long 1=10, m=5, n; 


k=GetMax<int>(i,j); 


n=GetMax<long>(l,m); 


cout « k « endl; 


cout « n « endl; 


return 0; 


} 



In this case, we have used T as the template parameter name instead of my Type because it is shorter and in 
fact is a very common template parameter name. But you can use any identifier you like. 

In the example above we used the function template GetMax() twice. The first time with arguments of type 
int and the second one with arguments of type long. The compiler has instantiated and then called each time 
the appropriate version of the function. 

As you can see, the type T is used within the GetMax() template function even to declare new objects of 
that type: 


T result; 

Therefore, result will be an object of the same type as the parameters a and b when the function template is 
instantiated with a specific type. 

In this specific case where the generic type T is used as a parameter for GetMax the compiler can find out 
automatically which data type has to instantiate without having to explicitly specify it within angle brackets 
(like we have done before specifying <int> and <long>). So we could have written instead: 














































int i,j; 


GetMax (i,j); 

Since both i and j are of type int, and the compiler can automatically find out that the template parameter 
can only be int. This implicit method produces exactly the same result: 
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// function template II 

6 

#include <iostream> 

10 

using namespace std; 


template <class T> 


T GetMax (T a, T b) { 


return (a>b?a:b); 


} 


int main () { 


int i=5, j=6, k; 


long 1=10, m=5, n; 


k=GetMax(i,j); 


n=GetMax(l,m); 


cout « k « endl; 


cout « n « endl; 


return 0; 


} 



explicitly specifying the type 
is needed on each call. 

T) and the function template 
itself accepts two parameters, both of this T type, we cannot call our function template with two objects of 
different types as arguments: 


Notice how in this case, we called our function template GetMax() without 
between angle-brackets <>. The compiler automatically determines what type 

Because our template function includes only one template parameter (class 


int i; 
long 1; 

k = GetMax (i,l); 

This would not be correct, since our GetMax function template expects two arguments of the same type, 
and in this call to it we use objects of two different types. 

We can also define function templates that accept more than one type parameter, simply by specifying more 
template parameters between the angle brackets. For example: 










































template <class T, class U> 
T GetMin (T a, U b) { 


return (a<b?a:b); 

} 

In this case, our function template GetMin() accepts two parameters of different types and returns an object 
of the same type as the first parameter (T) that is passed. For example, after that declaration we could call 
GetMin() with: 


int i,j; 
long 1; 

i = GetMin<int,long> (j,l); 


or simply: 


i = GetMin (j,l); 

even though j and 1 have different types, since the compiler can determine the appropriate instantiation 
anyway. 
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Class templates 

We also have the possibility to write class templates, so that a class can have members that use template 
parameters as types. For example: 


template <class T> 
class mypair { 


T values [2]; 


public: 


mypair (T first, T second) 

{ 


values[0]=first; values[ 1 ]=second; 


} 



The class that we have just defined serves to store two elements of any valid type. For example, if we 
wanted to declare an object of this class to store two integer values of type int with the values 115 and 36 
we would write: 


mypair<int> myobject (115, 36); 

this same class would also be used to create an object to store any other type: 





mypair<double> myfloats (3.0, 2.18); 

The only member function in the previous class template has been defined inline within the class 
declaration itself. In case that we define a function member outside the declaration of the class template, we 
must always precede that definition with the template <...> prefix: 



Notice the syntax of the definition of member function getmax: 
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template <class T> 

T mypair<T>::getmax () 

Confused by so many T's? There are three T's in this declaration: The first one is the template parameter. 
The second T refers to the type returned by the function. And the third T (the one between angle brackets) is 
also a requirement: It specifies that this function's template parameter is also the class template parameter. 

Template specialization 

If we want to define a different implementation for a template when a specific type is passed as template 
parameter, we can declare a specialization of that template. 

For example, let's suppose that we have a very simple class called mycontainer that can store one element of 
any type and that it has just one member function called increase, which increases its value. But we find that 
when it stores an element of type char it would be more convenient to have a completely different 
implementation with a function member uppercase, so we decide to declare a class template specialization 
for that type: 









// template specialization 

8 

#include <iostream> 

J 

using namespace std; 



class template: template <class T> class mycontainer { 

T element; public: 



mycontainer (T arg) {element=arg;} T increase () {return ++element;} 


class template specialization: template <> 
class mycontainer <char> { char element; 
public: 

mycontainer (char arg) {element=arg;} char uppercase () 

{ 



} 


if ((element>-a')&&(element<='z’)) element+='A'-'a'; 
return element; 













int main () { 


mycontainer<int> myint (7); 
mycontainer<char> my char ('j'); 

coiit « myint.increase() « endl; 
coiit « mychar.uppercase() « endl; 

return 0; 

} 

This is the syntax used in the class template specialization: 


template <> class mycontainer <char> { ... }; 

First of all, notice that we precede the class template name with an emptytemplate<> parameter list. This is 
to explicitly declare it as a template specialization. 
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But more important than this prefix, is the <char> specialization parameter after the class template name. 
This specialization parameter itself identifies the type for which we are going to declare a template class 
specialization (char). Notice the differences between the generic class template and the specialization: 


template 

<class T> class mycontainer 

{ 

>d 

template 

<> class mycontainer <char> 

...{ 

}; 


The first line is the generic template, and the second one is the specialization. 

When we declare specializations for a template class, we must also define all its members, even those 
exactly equal to the generic template class, because there is no "inheritance" of members from the generic 
template to the specialization. 

Non-type parameters for templates 

Besides the template arguments that are preceded by the class or typename keywords , which represent 
types, templates can also have regular typed parameters, similar to those found in functions. As an example, 
have a look at this class template that is used to contain sequences of elements: 


















// sequence template 

100 

#include <iostream> 

3.1416 

using namespace std; 


template <class T, int N> 
















class mysequence { 


T memblock [N]; 


public: 


void setmember (int x, T value); 


T getmember (int x); 


}; 



template <class T, int N> 

void mysequence<T,N>:: setmember (int x, T value) 


{ 

memblock[x]=value; 

} 

template <class T, int N> 

T mysequence<T,N>::getmember (int x) { 

return memblockjx]; 

} 

int main () { 


mysequence <int,5> myints; 
mysequence <double,5> myfloats; 

myints.setmember (0,100); 
myfloats.setmember (3,3.1416); 

cout « myints.getmember(O) « '\n'; 
cout « myfloats.getmember(3) « '\n'; 

return 0; 

} 

It is also possible to set default values or types for class template parameters. For example, if the previous 
class template definition had been: 

l 

template <class T=char, int N=10> class mysequence {..}; 

We could create objects using the default template parameters by declaring: 


mysequence<> myseq; 



















Which would be equivalent to 




mysequence<char,10> myseq; 

Templates and multiple-file projects 

From the point of view of the compiler, templates are not normal functions or classes. They are compiled on 
demand, meaning that the code of a template function is not compiled until an instantiation with specific 
template arguments is required. At that moment, when an instantiation is required, the compiler generates a 
function specifically for those arguments from the template. 

When projects grow it is usual to split the code of a program in different source code files. In these cases, 
the interface and implementation are generally separated. Taking a library of functions as example, the 
interface generally consists of declarations of the prototypes of all the functions that can be called. These 
are generally declared in a "header file" with a .h extension, and the implementation (the definition of these 
functions) is in an independent file with C++ code. 

Because templates are compiled when required, this forces a restriction for multi-file projects: the 
implementation (definition) of a template class or function must be in the same file as its declaration. That 
means that we cannot separate the interface in a separate header file, and that we must include both 
interface and implementation in any file that uses the templates. 

Since no code is generated until a template is instantiated when required, compilers are prepared to allow 
the inclusion more than once of the same template file with both declarations and definitions in a project 
without generating linkage errors. 
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Namespaces 

Namespaces allow to group entities like classes, objects and functions under a name. This way the global 
scope can be divided in "sub-scopes", each one with its own name. 

The format of namespaces is: 

namespace identifier 

{ 

entities 

} 

Where identifier is any valid identifier and entities is the set of classes, objects and functions that are 
included within the namespace. For example: 


namespace myNamespace 

{ 

int a, b; 

} 


In this case, the variables a and b are normal variables declared within a namespace called myNamespace. 
In order to access these variables from outside the myNamespace namespace we have to use the scope 
operator ::. For example, to access the previous variables from outside myNamespace we can write: 


myNamespace: :a 
myNamespace: :b 

The functionality of namespaces is especially useful in the case that there is a possibility that a global object 
or function uses the same identifier as another one, causing redefinition errors. For example: 


// namespaces 

5 

#include <iostream> 

3.1416 




















using namespace std; 


namespace first 


{ 


int var = 5; 


} 


namespace second 


{ 


double var = 3.1416; 


} 


int main () { 


cout « first::var « endl; 


cout « second: war « endl; 


return 0; 


} 



In this case, there are two global variables with the same name: var. One is defined within the namespace 
first and the other one in second. No redefinition errors happen thanks to namespaces. 
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using 

The keyword using is used to introduce a name from a namespace into the current declarative region. For 


example: 




// using 

5 

#include <iostream> 

2.7183 

using namespace std; 

10 


3.1416 

namespace first 


{ 


int x = 5; 


int y = 10; 


} 


namespace second 


{ 


double x = 3.1416; 


double y = 2.7183; 


} 


int main () { 


using first: :x; 


using secondly; 


cout « x « endl; 


cout « y « endl; 


cout « firstly « endl; 


cout « second: :x « endl; 


return 0; 


} 



Notice how in this code, x (without any name qualifier) refers to first: :x whereas y refers to secondly, 
exactly as our using declarations have specified. We still have access to first: :y and second: :x using their 
fully qualified names. 

The keyword using can also be used as a directive to introduce an entire namespace: 






































































// using 

5 

#include <iostream> 

10 

using namespace std; 

3.1416 


2.7183 

namespace first 


{ 


int x = 5; 


int y = 10; 


} 


namespace second 


{ 


double x = 3.1416; 


double y = 2.7183; 


} 


int main () { 


using namespace first; 


cout « x « endl; 


cout « y « endl; 


cout « second: :x « endl; 


cout « secondly « endl; 


return 0; 


} 



In this case, since we have declared that we were using namespace first, all direct uses of x and y without 
name qualifiers were referring to their declarations in namespace first. 
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using and using namespace have validity only in the same block in which they are stated or in the entire 
code if they are used directly in the global scope. For example, if we had the intention to first use the 
objects of one namespace and then those of another one, we could do something like: 


// using namespace example 

5 

#include <iostream> 

3.1416 

using namespace std; 


namespace first 


{ 


int x = 5; 


} 


namespace second 


{ 


double x = 3.1416; 


} 


int main () { 


{ 


using namespace first; 


cout « x « endl; 


} 


{ 


using namespace second; 


cout « x « endl; 


} 


return 0; 


} 



Namespace alias 

We can declare alternate names for existing namespaces according to the following format: 
namespace new_name = current_name; 

























































Namespace std 

All the files in the C++ standard library declare all of its entities within the std namespace. That is why we 
have generally included the using namespace std; statement in all programs that used any entity defined in 
iostream. 
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Exceptions 

Exceptions provide a way to react to exceptional circumstances (like runtime errors) in our program by 
transferring control to special functions called handlers. 

To catch exceptions we must place a portion of code under exception inspection. This is done by enclosing 
that portion of code in a try block. When an exceptional circumstance arises within that block, an exception 
is thrown that transfers the control to the exception handler. If no exception is thrown, the code continues 
normally and all handlers are ignored. 

A exception is thrown by using the throw keyword from inside the try block. Exception handlers are 
declared with the keyword catch, which must be placed immediately after the try block: 



// exceptions An exception occurred. Exception Nr. 20 

#include <iostream> 

using namespace std; 

int main () { 

try 

{ 

throw 20; 

} 

catch (int e) 

{ 

cout « "An exception occurred. " 
cout « "Exception Nr. " « e « endl; 

} 

return 0; 

} 

The code under exception handling is enclosed in a try block. In this example this code simply throws an 
exception: 


throw 20; 

A throw expression accepts one parameter (in this case the integer value 20), which is passed as an 
argument to the exception handler. 

The exception handler is declared with the catch keyword. As you can see, it follows immediately the 
closing brace of the try block. The catch format is similar to a regular function that always has at least one 
parameter. The type of this parameter is very important, since the type of the argument passed by the throw 
expression is checked against it, and only in the case they match, the exception is caught. 

We can chain multiple handlers (catch expressions), each one with a different parameter type. Only the 
handler that matches its type with the argument specified in the throw statement is executed. 






If we use an ellipsis (...) as the parameter of catch, that handler will catch any exception no matter what the 
type of the throw exception is. This can be used as a default handler that catches all exceptions not caught 
by other handlers if it is specified at last: 
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try { 


// code here 

} 

catch (int param) { coiit « "int exception"; } 


catch (char param) { coiit « "char exception"; } 
catch (...) { cout « "default exception"; } 

In this case the last handler would catch any exception thrown with any parameter that is neither an int nor a 
char. 

After an exception has been handled the program execution resumes after the try-catch block, not after the 
throw statement!. 

It is also possible to nest try-catch blocks within more external try blocks. In these cases, we have the 
possibility that an internal catch block forwards the exception to its external level. This is done with the 
expression throw; with no arguments. For example: 






} 


throw; 


} 

catch (...) { 

cout« "Exception occurred"; 

} 

Exception specifications 

When declaring a function we can limit the exception type it might directly or indirectly throw by 
appending a throw suffix to the function declaration: 


float myfunction (char param) throw (int); 

This declares a function called myfunction which takes one agument of type char and returns an element of 
type float. The only exception that this function might throw is an exception of type int. If it throws an 
exception with a different type, either directly or indirectly, it cannot be caught by a regular int-type handler. 

If this throw specifier is left empty with no type, this means the function is not allowed to throw exceptions. 
Functions with no throw specifier (regular functions) are allowed to throw exceptions with any type: 


int 

myfunction 

(int 

param) throw(); // 

no exceptions allowed | 

int 

myfunction 

(int 

param); 

// 

all exceptions allowed 


Standard exceptions 

The C++ Standard library provides a base class specifically designed to declare objects to be thrown as 
exceptions. It is called exception and is defined in the <exception> header file under the namespace std. 
This class has the usual default and copy constructors, operators and destructors, plus an additional virtual 
member function called what that returns a null-terminated character sequence (char *) and that can be 
























overwritten in derived classes to contain some sort of description of the exception. 
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// standard exceptions 

My exception happened. 

#include <iostream> 


#include <exception> 


using namespace std; 


class myexception: public exception 


{ 


virtual const char* what() const throw() 


{ 


return "My exception happened"; 


} 


} myex; 


int main () { 


try 


{ 


throw myex; 


} 


catch (exception& e) 


{ 


cout « e.what() « endl; 


} 


return 0; 


} 



We have placed a handler that catches exception objects by reference (notice the ampersand & after 
the type), therefore this catches also classes derived from exception, like our my ex object of class 
myexception. 

All exceptions thrown by components of the C++ Standard library throw exceptions derived from 
this std::exception class. These are: 


exception 


description 

bad alloc 


thrown by new on allocation failure 

bad cast 


thrown by dynamic cast when fails with a referenced type 

bad exception 


thrown when an exception type doesn't match any catch 

bad_typeid 


thrown by typeid 














































































ios base::failurethrown by functions in the iostream library 


For example, if we use the operator new and the memory cannot be allocated, an exception of type 
bad_alloc is thrown: 



{ 

int * myarray= new int[1000]; 

} 

catch (bad_alloc&) 

{ 


cout « "Error allocating memory." « endl; 


} 

It is recommended to include all dynamic memory allocations within a try block that catches this 
type of exception to perform a clean action instead of an abnormal program termination, which is 
what happens when this type of exception is thrown and not caught. If you want to force a bad_alloc 
exception to see it in action, you can try to allocate a huge array; On my system, trying to allocate 1 
billion ints threw a bad_alloc exception. 

Because bad_alloc is derived from the standard base class exception, we can handle that same 
exception by catching references to the exception class: 
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bad_alloc standard exception #include <iostream> 
#include <exception> using namespace std; 
int main () { 



{ 






int* myarray= new int[1000]; 


} 

catch (exception& e) 

{ 

cout « "Standard exception: " « e.what() 

endl; 

} 

return 0; 
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Type Casting 

Converting an expression of a given type into another type is known as type-casting. We have already seen 
some ways to type cast: 

Implicit conversion 

Implicit conversions do not require any operator. They are automatically performed when a value is copied 
to a compatible type. For example: 


short a=2000; 
int b; 

b=a; 

Here, the value of a has been promoted from short to int and we have not had to specify any type-casting 
operator. This is known as a standard conversion. Standard conversions affect fundamental data types, and 
allow conversions such as the conversions between numerical types (short to int, int to float, double to 
int...), to or from bool, and some pointer conversions. Some of these conversions may imply a loss of 
precision, which the compiler can signal with a warning. This can be avoided with an explicit conversion. 

Implicit conversions also include constructor or operator conversions, which affect classes that include 
specific constructors or operator functions to perform conversions. For example: 


class A {}; 

class B { public: B (A a) {} }; 

a; 

B b=a; 

Here, a implicit conversion happened between objects of class A and class B, because B has a constructor 









that takes an object of class A as parameter. Therefore implicit conversions from A to B are allowed. 


Explicit conversion 

C++ is a strong-typed language. Many conversions, specially those that imply a different interpretation of 
the value, require an explicit conversion. We have already seen two notations for explicit type conversion: 
functional and c-like casting: 


short a=2000; 



int b; 


b = (int) a; 

// c-like cast notation 

b = int (a); 

// functional notation 


The functionality of these explicit conversion operators is enough for most needs with fundamental data 
types. However, these operators can be applied indiscriminately on classes and pointers to classes, which 
can lead to code that while being syntactically correct can cause runtime errors. For example, the following 
code is syntactically correct: 
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class type-casting #include <iostream> using namespace std; 


class CDummy { 
float i,j; 



public: 


class CAddition { 
int x,y; 


CAddition (int a, int b) { x=a; y=b; } 
int result() { return x+y;} 



CDummy d; 

CAddition * padd; 
padd = (CAddition*) &d; 

cout« padd->result(); 
return 0; 


int main () { 


} 

The program declares a pointer to CAddition, but then it assigns to it a reference to an object of another 
incompatible type using explicit type-casting: 


padd = (CAddition*) &d; 

Traditional explicit type-casting allows to convert any pointer into any other pointer type, independently of 
the types they point to. The subsequent call to member result will produce either a run-time error or a 
unexpected result. 

In order to control these types of conversions between classes, we have four specific casting operators: 

dynamic_cast, reinterpret_cast, static_cast and const_cast. Their format is to follow the new type enclosed 
between angle-brackets (<>) and immediately after, the expression to be converted between parentheses. 

dynamic_cast <new_type> (expression) 
reinterpret_cast <new_type> (expression) 

static_cast <new_type> (expression) 

const_cast <new_type> (expression) 



The traditional type-casting equivalents to these expressions would be: 

(newjype) expression 
new_type (expression) 

but each one with its own special characteristics: 

dynamic_cast 

dynamic_cast can be used only with pointers and references to objects. Its purpose is to ensure that the 
result of the type conversion is a valid complete object of the requested class. 

Therefore, dynamic_cast is always successful when we cast a class to one of its base classes: 
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class CBase { }; 

class CDerived: public CBase { }; 
CBase b; CBase* pb; 


CDerived d; CDerived* pd; 


pb 

— 

dynamic cast<CBase*>(&d); 

// 

ok: derived-to-base 

pd 

— 

dynamic cast<CDerived*>(&b); 

// 

wrong: base-to-derived 


The second conversion in this piece of code would produce a compilation error since base-to-derived 
conversions are not allowed with dynamic_cast unless the base class is polymorphic. 

When a class is polymorphic, dynamic_cast performs a special checking during runtime to ensure that the 
expression yields a valid complete object of the requested class: 




















// dynamic_cast 


Null pointer on second type- 



#include <iostream> 
#include <exception> 


cast 


using namespace std; 

class CBase { virtual void dummy() {} }; 
class CDerived: public CBase { int a; }; 

int main () { 


try { 

CBase * pba = new CDerived; 

CBase * pbb = new CBase; 

CDerived * pd; 

pd = dynamic_cast<CDerived*>(pba); 

if (pd==0) cout « "Null pointer on first type-cast" « endl; 

pd = dynamic_cast<CDerived*>(pbb); 

if (pd==0) cout « "Null pointer on second type-cast" « endl; 
} catch (exception& e) {cout « "Exception: " « e.what();} return 0; 

} 


Compatibility note: dynamic_cast requires the Run-Time Type Information (RTTI) to keep track of 
dynamic types. Some compilers support this feature as an option which is disabled by default. This must be 
enabled for runtime type checking using dynamic_cast to work properly. 

The code tries to perform two dynamic casts from pointer objects of type CBase*(pba and pbb) to a pointer 
object of type CDerived*, but only the first one is successful. Notice their respective initializations: 


CBase * pba = new CDerived; 

CBase * pbb = new CBase; 

Even though both are pointers of type CBase*, pba points to an object of type CDerived, while pbb points 
to an object of type CBase. Thus, when their respective type-castings are performed using dynamic_cast, 
pba is pointing to a full object of class CDerived, whereas pbb is pointing to an object of class CBase, 
which is an incomplete object of class CDerived. 

When dynamic_cast cannot cast a pointer because it is not a complete object of the required class -as in the 
second conversion in the previous example- it returns a null pointer to indicate the failure. If dynamic_cast 
is used to convert to a reference type and the conversion is not possible, an exception of type bad_cast is 









thrown instead. 


dynamic_cast can also cast null pointers even between pointers to unrelated classes, and can also cast 
pointers of any type to void pointers (void*). 
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static cast 


static_cast can perform conversions between pointers to related classes, not only from the derived class to 
its base, but also from a base class to its derived. This ensures that at least the classes are compatible if the 
proper object is converted, but no safety check is performed during runtime to check if the object being 
converted is in fact a full object of the destination type. Therefore, it is up to the programmer to ensure that 
the conversion is safe. On the other side, the overhead of the type-safety checks of dynamic_cast is avoided. 


class CBase {}; 

class CDerived: public CBase {}; 

CBase * a = new CBase; 

CDerived * b = static_cast<CDerived*>(a); 

This would be valid, although b would point to an incomplete object of the class and could lead to runtime 
errors if dereferenced. 

static_cast can also be used to perform any other non-pointer conversion that could also be performed 
implicitly, like for example standard conversion between fundamental types: 


double d=3.14159265; 
int i = static_cast<int>(d); 

Or any conversion between classes with explicit constructors or operator functions as described in "implicit 
conversions" above. 

reinterpret_cast 

reinterpret_cast converts any pointer type to any other pointer type, even of unrelated classes. The operation 
result is a simple binary copy of the value from one pointer to the other. All pointer conversions are 
allowed: neither the content pointed nor the pointer type itself is checked. 

It can also cast pointers to or from integer types. The format in which this integer value represents a pointer 
is platform-specific. The only guarantee is that a pointer cast to an integer type large enough to fully contain 
it, is granted to be able to be cast back to a valid pointer. 






The conversions that can be performed by reinterpret_cast but not by static_cast have no specific uses in 
C++ are low-level operations, whose interpretation results in code which is generally system-specific, and 
thus non-portable. For example: 


class A {}; 
class B {}; 

A * a = new A; 

B * b = reinterpret_cast<B*>(a); 

This is valid C++ code, although it does not make much sense, since now we have a pointer that points to 
an object of an incompatible class, and thus dereferencing it is unsafe. 

const_cast 

This type of casting manipulates the constness of an object, either to be set or to be removed. For example, 
in order to pass a const argument to a function that expects a non-constant parameter: 
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// const cast 

sample text 

#include <iostream> 


using namespace std; 


void print (char * str) 


{ 


cout « str « endl; 


} 


int main () { 


const char * c = "sample text"; 


print ( const cast<char *> (c)); 


return 0; 


} 



typeid 


typeid allows to check the type of an expression: 
typeid (expression) 

This operator returns a reference to a constant object of type type_info that is defined in the standard header 
file <typeinfo>. This returned value can be compared with another one using operators == and != or can 
serve to obtain a null-terminated character sequence representing the data type or class name by using its 
name() member. 


// typeid 

a and b are of different types: 

#include <iostream> 

a is: int * 

#include <typeinfo> 

b is: int 

using namespace std; 


int main () { 


int * a,b; 


a=0; b=0; 


if (typeid(a) != typeid(b)) 


{ 


cout « "a and b are of different types:\n"; 


cout « "a is: " « typeid(a).name() « '\n'; 





































































cout « M b is: " « typeid(b).name() « '\n'; 


} 


return 0; 


} 



When typeid is applied to classes typeid uses the RTTI to keep track of the type of dynamic objects. When 
typeid is applied to an expression whose type is a polymorphic class, the result is the type of the most 
derived complete object: 
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// typeid, polymorphic class 

a is: class CBase * 

#include <iostream> 

b is: class CBase * 

#include <typeinfo> 

*a is: class CBase 

#include <exception> 

*b is: class CDerived 

using namespace std; 


class CBase { virtual void f(){ } }; 


class CDerived : public CBase {}; 


int main () { 


try { 


CBase* a = new CBase; 


CBase* b = new CDerived; 


cout « "a is: " « typeid(a).name() « '\n'; 


cout « M b is: " « typeid(b).name() « '\n'; 


cout « M *a is: " « typeid(*a).name() « '\n'; 


cout « M *b is: M « typeid(*b).name() « '\n'; 


} catch (exception& e) { cout « "Exception: " « e.what() « endl; 


} 


return 0; 


} 



Notice how the type that typeid considers for pointers is the pointer type itself (both a and b are of type 
class CBase *). However, when typeid is applied to objects (like *a and *b) typeid yields their dynamic type 
(i.e. the type of their most derived complete object). 

If the type typeid evaluates is a pointer preceded by the dereference operator (*), and this pointer has a null 
value, typeid throws a bad_typeid exception. 
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Preprocessor directives 

Preprocessor directives are lines included in the code of our programs that are not program statements but 
directives for the preprocessor. These lines are always preceded by a hash sign (#). The preprocessor is 
executed before the actual compilation of code begins, therefore the preprocessor digests all these directives 
before any code is generated by the statements. 

These preprocessor directives extend only across a single line of code. As soon as a newline character is 
found, the preprocessor directive is considered to end. No semicolon (;) is expected at the end of a 
preprocessor directive. The only way a preprocessor directive can extend through more than one line is by 
preceding the newline character at the end of the line by a backslash (\). 

macro definitions (#define, #undef) 

To define preprocessor macros we can use #define. Its format is: 

#define identifier replacement 

When the preprocessor encounters this directive, it replaces any occurrence of identifier in the rest of the 
code by replacement. This replacement can be an expression, a statement, a block or simply anything. The 
preprocessor does not understand C++, it simply replaces any occurrence of identifier by replacement. 


#define TABLE_SIZE 100 

int tablel[TABLE_SIZE]; 
int table2[TABLE_SIZE]; 

After the preprocessor has replaced TABLE_SIZE, the code becomes equivalent to: 

int tablel[100]; 
int table2[100]; 


This use of #define as constant definer is already known by us from previous tutorials, but #define can work 
also with parameters to define function macros: 







#define getmax(a,b) a>b?a:b 


This would replace any occurrence of getmax followed by two arguments by the replacement expression, 
but also replacing each argument by its identifier, exactly as you would expect if it was a function: 


// function macro 

5 

#include <iostream> 

7 

using namespace std; 


#define getmax(a,b) ((a)>(b)?(a):(b)) 


int main() 


{ 


int x=5, y; 


y= getmax(x,2); 


cout « y « endl; 


cout « getmax(7,x) « endl; 


return 0; 


} 



Defined macros are not affected by block structure. A macro lasts until it is undefined with the #undef 
preprocessor directive: 
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#define TABLE_SIZE 100 

int tablel[TABLE_SIZE]; 
#undef TABLE_SIZE 

#define TABLE_SIZE 200 
int table2[TABLE_SIZE]; 

This would generate the same code as: 


int tablel[100]; 
int table2[200]; 

Function macro definitions accept two special operators (# and ##) in the replacement sequence: 

If the operator # is used before a parameter is used in the replacement sequence, that parameter is replaced 
by a string literal (as if it were enclosed between double quotes) 


#define str(x) #x 
cout« str(test); 
This would be translated into: 


cout« "test"; 


The operator ## concatenates two arguments leaving no blank spaces between them: 















#define glue(a,b) a ## b 
glue(c,out) « "test"; 
This would also be translated into: 


cout« "test"; 

Because preprocessor replacements happen before any C++ syntax check, macro definitions can be a tricky 
feature, but be careful: code that relies heavily on complicated macros may result obscure to other 
programmers, since the syntax they expect is on many occasions different from the regular expressions 
programmers expect in C++. 

Conditional inclusions (#ifdef, #ifndef, #if, #endif, #else and #elif) 

These directives allow to include or discard part of the code of a program if a certain condition is met. 

#ifdef allows a section of a program to be compiled only if the macro that is specified as the parameter has 
been defined, no matter which its value is. For example: 


#ifdef TABLE_SIZE 
int table[TABLE_SIZE]; 

#endif 

In this case, the line of code int table[TABLE_SIZE]; is only compiled if TABLE_SIZE was previously 
defined with #define, independently of its value. If it was not defined, that line will not be included in the 
program compilation. 

#ifndef serves for the exact opposite: the code between #ifndef and #endif directives is only compiled if the 
specified identifier has not been previously defined. For example: 
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#ifndef TABLE_SIZE 

#define TABLE_SIZE 100 
#endif 

int table[TABLE_SIZE]; 

In this case, if when arriving at this piece of code, the TABLE_SIZE macro has not been defined yet, it 
would be defined to a value of 100. If it already existed it would keep its previous value since the #define 
directive would not be executed. 

The #if, #else and #elif (i.e., "else if") directives serve to specify some condition to be met in order for the 
portion of code they surround to be compiled. The condition that follows #if or #elif can only evaluate 
constant expressions, including macro expressions. For example: 








#if TABLE SIZE>200 


#undef TABLE_SIZE 
#define TABLE_SIZE 200 

#elif TABLE_SIZE<50 

#undef TABLE_SIZE 
#define TABLE_SIZE 50 

#else 

#undef TABLE_SIZE 
#define TABLE_SIZE 100 

#endif 

int table[TABLE_SIZE]; 

Notice how the whole structure of #if, #elif and #else chained directives ends with #endif. 

The behavior of #ifdef and #ifndef can also be achieved by using the special operators defined and ! defined 
respectively in any #if or #elif directive: 


#if ! defined TABLE_SIZE 
#define TABLE_SIZE 100 

#elif defined ARRAY_SIZE 
#define TABLE_SIZE ARRAY_SIZE 

int table[TABLE_SIZE]; 

Line control (#line) 

When we compile a program and some error happen during the compiling process, the compiler shows an 
error message with references to the name of the file where the error happened and a line number, so it is 
easier to find the code generating the error. 

The #line directive allows us to control both things, the line numbers within the code files as well as the file 
name that we want that appears when an error takes place. Its format is: 


#line number "filename" 




Where number is the new line number that will be assigned to the next code line. The line numbers of 
successive lines will be increased one by one from this point on. 

"filename" is an optional parameter that allows to redefine the file name that will be shown. For example: 
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#line 20 "assigning variable" 
int a?; 

This code will generate an error that will be shown as error in file "assigning variable", line 20. 

Error directive (#error) 

This directive aborts the compilation process when it is found, generating a compilation the error that 
can be specified as its parameter: 


#ifndef_cplusplus 


#error A C++ compiler is required! 

#endif 

This example aborts the compilation process if the macro name_cplusplus is not defined (this 

macro name is defined by default in all C++ compilers). 

Source file inclusion (#include) 

This directive has also been used assiduously in other sections of this tutorial. When the preprocessor 
finds an #include directive it replaces it by the entire content of the specified file. There are two ways 
to specify a file to be included: 


#include "file" 

#include <file> 

The only difference between both expressions is the places (directories) where the compiler is going 
to look for the file. In the first case where the file name is specified between double-quotes, the file is 
searched first in the same directory that includes the file containing the directive. In case that it is not 











there, the compiler searches the file in the default directories where it is configured to look for the 
standard header files. 

If the file name is enclosed between angle-brackets <> the file is searched directly where the 
compiler is configured to look for the standard header files. Therefore, standard header files are 
usually included in angle-brackets, while other specific header files are included using quotes. 

Pragma directive (#pragma) 

This directive is used to specify diverse options to the compiler. These options are specific for the 
platform and the compiler you use. Consult the manual or the reference of your compiler for more 
information on the possible parameters that you can define with #pragma. 

If the compiler does not support a specific argument for #pragma, it is ignored - no error is generated. 

Predefined macro names 

The following macro names are defined at any time: 


1 

macro 

value 


LINE 

Integer value representing the current line in the source code file being compiled. 


FILE 

A string literal containing the presumed name of the source file being compiled. 


DATE 

A string literal in the form "Mmm dd yyyy" containing the date in which the 
compilation process began. 


TIME 

A string literal in the form M hh:mm:ss M containing the time at which the 
compilation process began. 


An integer value. All C++ compilers have this constant defined to some value. If the 

compiler is fully_cplusplus compliant with the C++ standard its value is equal or greater than 

199711L depending on the version 


of the standard they comply. 


For example: 
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standard macro names #include <iostream> using namespace std; 

int main() 

{ 


cout « "This is the line number " «_LINE_; cout « " of file " «_FILE_« "An" 

cout « "Its compilation began " «_DATE_; cout « " at" «_TIME_« "An"; 


} 


cout « "The compiler gives a_cplusplus value of "; cout «_cplusplus; 

return 0; 

















This is the line number 7 of file /home/jay/stdmacronames.cpp. 
Its compilation began Nov 1 2005 at 10:12:29. 

The compiler gives a_cplusplus value of 1 
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C++ Standard Library 

Input/Output with files 

C++ provides the following classes to perform output and input of characters to/from files: 

ofstream: Stream class to write on files 

ifstream: Stream class to read from files 

fstream: Stream class to both read and write from/to files. 

These classes are derived directly or indirectly from the classes istream, and ostream. We have already used 
objects whose types were these classes: cin is an object of class istream and cout is an object of class 
ostream. Therfore, we have already been using classes that are related to our file streams. And in fact, we 
can use our file streams the same way we are already used to use cin and cout, with the only difference that 
we have to associate these streams with physical files. Let's see an example: 


// basic 

file operations 

[file example.txt] 

#include 

<iostream> 

Writing this to a file 

#include <fstream> 


using namespace std; 


int main () { 


ofstream myfile; ! 


myfile.open ("example.txt"); 


myfile « "Writing this to a fileAn"; 


myfile.close(); 


return 0; 


> 

! t 

t i 


This code creates a file called example.txt and inserts a sentence into it in the same way we are used to do 
with cout, but using the file stream myfile instead. 


But let's go step by step: 









































Open a file 

The first operation generally performed on an object of one of these classes is to associate it to a real file. 
This procedure is known as to open a file. An open file is represented within a program by a stream object 
(an instantiation of one of these classes, in the previous example this was myfile) and any input or output 
operation performed on this stream object will be applied to the physical file associated to it. 

In order to open a file with a stream object we use its member function open(): 

open (filename, mode); 

Where filename is a null-terminated character sequence of type const char * (the same type that string 
literals have) representing the name of the file to be opened, and mode is an optional parameter with a 
combination of the following flags: 
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iosnin 

Open for input operations. 



ios::out 

Open for output operations. 


ios::binaryOpen in binary mode. 



ios::ate 

Set the initial position at the end of the file. 


If this flag is not set to any value, the initial position is the beginning of the file. 



ios::app 

All output operations are performed at the end of the file, appending the content to 
the current content 

of the file. This flag can only be used in streams open for output-only operations. 

p - ip - 1 


If the file opened for output operations already existed before, its previous 
content is deleted and 1QS::tmnc replaced by the new one. 


All these flags can be combined using the bitwise operator OR (|). For example, if we want to open 
the file example.bin in binary mode to add data we could do it by the following call to member 
function open(): 


ofstream myfile; 


myfile.open ("example.bin", ios::out 


ios::app 


ios::binary); 


Each one of the open() member functions of the classes ofstream, ifstream and fstream has a default 
mode that is used if the file is opened without a second argument: 











































class default mode parameter 


ofstreamios::out 
if stream ios::in 


fstream ios::in 


ios::out 


For ifstream and ofstream classes, ios::in and ios::out are automatically and respectively assumed, 
even if a mode that does not include them is passed as second argument to the open() member 
function. 


The default value is only applied if the function is called without specifying any value for the mode 
parameter. If the function is called with any value in that parameter the default mode is overridden, 
not combined. 


File streams opened in binary mode perform input and output operations independently of any format 
considerations. Non-binary files are known as text files , and some translations may occur due to 
formatting of some special characters (like newline and carriage return characters). 


Since the first task that is performed on a file stream object is generally to open a file, these three 
classes include a constructor that automatically calls the open() member function and has the exact 
same parameters as this member. Therefore, we could also have declared the previous myfile object 
and conducted the same opening operation in our previous example by writing: 


ofstream myfile ("example.bin", ios::out 


ios::app 


ios::binary); 


Combining object construction and stream opening in a single statement. Both forms to open a file 
are valid and equivalent. 


To check if a file stream was successful opening a file, you can do it by calling to member is_open() 
with no arguments. This member function returns a bool value of true in the case that indeed the 
stream object is associated with an open file, or false otherwise: 

l 

if (myfile.is_open()) { /* ok, proceed with output */ } 
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Closing a file 

When we are finished with our input and output operations on a file we shall close it so that its resources 
become available again. In order to do that we have to call the stream's member function close(). This 
member function takes no parameters, and what it does is to flush the associated buffers and close the file: 


myfile.close(); 

Once this member function is called, the stream object can be used to open another file, and the file is 
available again to be opened by other processes. 

In case that an object is destructed while still associated with an open file, the destructor automatically calls 
the member function close(). 

Text files 

Text file streams are those where we do not include the iosubinary flag in their opening mode. These files 
are designed to store text and thus all values that we input or output from/to them can suffer some 
formatting transformations, which do not necessarily correspond to their literal binary value. 

Data output operations on text files are performed in the same way we operated with cout: 


// writing on a text file 

[file example.txt] 

#include <iostream> 

This is a line. 

#include <fstream> 

This is another line. 

using namespace std; 


int main () { 


ofstream myfile ("example.txt"); 


if (myfile.is open()) 


{ 


myfile « "This is a lineAn"; 


myfile « "This is another lineAn"; 


myfile.close(); 


} 


else cout « "Unable to open file"; 


return 0; 


} 














































Data input from a file can also be performed in the same way that we did with cin: 


140 




// reading a text file 

This is a line. 

#include <iostream> 

This is another line. 

#include <fstream> 


#include <string> 


using namespace std; 


int main () { ; 


string line; 


ifstream myfile ("example.txt"); 


if (myfile.is open()) 


{ 


while (! myfile.eof()) 


{ 


getline (myfile,line); 


cout « line « endl; > 


} 


myfile.close(); 


} 


else cout « "Unable to open file"; 


return 0; 


} 



This last example reads a text file and prints out its content on the screen. Notice how we have used a new 
member function, called eof() that returns true in the case that the end of the file has been reached. We have 
created a while loop that finishes when indeed myfile.eof() becomes true (i.e., the end of the file has been 
reached). 

Checking state flags 

In addition to eof(), which checks if the end of file has been reached, other member functions exist to check 
the state of a stream (all of them return a bool value): 

bad() 


Returns true if a reading or writing operation fails. For 
example in the case that we try to write to a file that is not 
open for writing or if the device where we try to write has no 




















































space left. 


fciil() 


e °f() 


goodQ 


Returns true in the same cases as bad(), but also in the case 
that a format error happens, like when an alphabetical 
character is extracted when we are trying to read an integer 
number. 


Returns true if a file open for reading has reached the end. 


It is the most generic state flag: it returns false in the same 
cases in which calling any of the previous functions would 
return true. 

In order to reset the state flags checked by any of these member functions we have just seen we can use the 
member function clear(), which takes no parameters. 

get and put stream pointers 

All i/o streams objects have, at least, one internal stream pointer: 

ifstream, like istream, has a pointer known as the get pointer that points to the element to be read in the next 
input operation. 
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ofstream, like ostream, has a pointer known as the put pointer that points to the location where the next 
element has to be written. 

Finally, fstream, inherits both, the get and the put pointers, from iostream (which is itself derived from both 
istream and ostream). 

These internal stream pointers that point to the reading or writing locations within a stream can be 
manipulated using the following member functions: 

tellgQ and tellpQ 

These two member functions have no parameters and return a value of the member type pos_type, which is 
an integer data type representing the current position of the get stream pointer (in the case of tellg) or the 
put stream pointer (in the case of tellp). 

seekg() and seekpQ 

These functions allow us to change the position of the get and put stream pointers. Both functions are 
overloaded with two different prototypes. The first prototype is: 

seekg (position); 

seekp (position); 

Using this prototype the stream pointer is changed to the absolute position position (counting from the 
beginning of the file). The type for this parameter is the same as the one returned by functions tellg and 
tellp: the member type pos_type, which is an integer value. 

The other prototype for these functions is: 

seekg ( offset, direction ); 
seekp ( offset, direction ); 

Using this prototype, the position of the get or put pointer is set to an offset value relative to some specific 
point determined by the parameter direction, offset is of the member type off_type, which is also an integer 
type. And direction is of type seekdir, which is an enumerated type (enum) that determines the point from 
where offset is counted from, and that can take any of the following values: 






ios:ibegoffset counted from the beginning of the stream 

ios::cur offset counted from the current position of the stream pointer 

ios::endoffset counted from the end of the stream 


The following example uses the member functions we have just seen to obtain the size of a file: 
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// obtaining file size 

size is: 40 bytes. 

#include <iostream> 


#include <fstream> 


using namespace std; 


int main () { 


long begin,end; 


ifstream myfile ("example.txt"); 


begin = myfile.tellg(); 


myfile.seekg (0, ios::end); 


end = myfile.tellgO; 


myfile.close(); 


cout « "size is: " « (end-begin) « " bytesAn"; 


return 0; 


} 



Binary files 

In binary files, to input and output data with the extraction and insertion operators (« and ») and 
functions like getline is not efficient, since we do not need to format any data, and data may not use the 
separation codes used by text files to separate elements (like space, newline, etc...). 

File streams include two member functions specifically designed to input and output binary data 
sequentially: write and read. The first one (write) is a member function of ostream inherited by ofstream. 
And read is a member function of istream that is inherited by if stream. Objects of class f stream have both 
members. Their prototypes are: 

write ( memory_block, size ); 

read ( memory_block, size ); 

Where memory_block is of type "pointer to char" (char*), and represents the address of an array of bytes 
where the read data elements are stored or from where the data elements to be written are taken. The size 
parameter is an integer value that specifies the number of characters to be read or written from/to the 
memory block. 


// reading a complete binary file 

the complete file content is in memory 

#include <iostream> 


#include <fstream> 



i-ii-1 























































using namespace std; 


if stream: :pos_type size; 


char * memblock; 


int main () { 


ifstream file ("example.bin", 


ios::in iosubinary ios::ate); 


if (file.is open()) 


{ 


size = file.tellg(); 


memblock = new char [size]; 


file.seekg (0, ios::beg); 


file.read (memblock, size); 


file.close(); 


cout « "the complete file content is in memory"; 


delete[] memblock; 


} 


else cout « "Unable to open file"; 


return 0; 


} 



In this example the entire file is read and stored in a memory block. Let's examine how this is done 
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First, the file is open with the ios::ate flag, which means that the get pointer will be positioned at the end of 
the file. This way, when we call to member tellg(), we will directly obtain the size of the file. Notice the 
type we have used to declare variable size: 


if stream: :pos_type size; 

if stream: :pos_type is a specific type used for buffer and file positioning and is the type returned by 
file.tellg(). This type is defined as an integer type, therefore we can conduct on it the same operations we 
conduct on any other integer value, and can safely be converted to another integer type large enough to 
contain the size of the file. For a file with a size under 2GB we could use int: 


int size; 

size = (int) file.tellg(); 

Once we have obtained the size of the file, we request the allocation of a memory block large enough to 
hold the entire file: 


memblock = new char [size]; 

Right after that, we proceed to set the get pointer at the beginning of the file (remember that we opened the 
file with this pointer at the end), then read the entire file, and finally close it: 


file.seekg (0, ios::beg); 
file.read (memblock, size); 

file.close(); 

At this point we could operate with the data obtained from the file. Our program simply announces that the 
content of the file is in memory and then terminates. 


Buffers and Synchronization 











When we operate with file streams, these are associated to an internal buffer of type streambuf. This buffer 
is a memory block that acts as an intermediary between the stream and the physical file. For example, with 
an ofstream, each time the member function put (which writes a single character) is called, the character is 
not written directly to the physical file with which the stream is associated. Instead of that, the character is 
inserted in that stream's intermediate buffer. 

When the buffer is flushed, all the data contained in it is written to the physical medium (if it is an output 
stream) or simply freed (if it is an input stream). This process is called synchronization and takes place 
under any of the following circumstances: 

When the file is closed: before closing a file all buffers that have 
not yet been flushed are synchronized and all pending data is 
written or read to the physical medium. 

When the buffer is full: Buffers have a certain size. When the 
buffer is full it is automatically synchronized. 

Explicitly, with manipulators: When certain manipulators are 
used on streams, an explicit 

synchronization takes place. These manipulators are: flush 
and endl. 

Explicitly, with member function sync(): Calling stream's 
member function sync(), which takes no parameters, causes an 
immediate synchronization. This function returns an int value equal 
to -1 if the stream has no associated buffer or in case of failure. 
Otherwise (if the stream buffer was successfully synchronized) it 
returns 0. 
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If there is one language that defines the essence of programming today, it is 
C++. It is the preeminent language for the development of high- 
performance software. Its syntax has become the standard for professional 
programming languages, and its design philosophy reverberates throughout 
computing. 
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C++ is also the language from which both Java and C# are derived. Simply 
stated, to be a professional programmer implies competency in C++. It is 
the gateway to all of modern programming. 

The purpose of this module is to introduce C++, including its history, its 
design philosophy, and several of its most important features. By far, the 
hardest thing about learning a programming language is the fact that no 
element exists in isolation. Instead, the components of the language work 
together. This interrelatedness makes it difficult to discuss one aspect of 
C++ without involving others. To help overcome this problem, this module 
provides a brief overview of several C++ features, including the general 
form of a C++ program, some basic control statements, and operators. It 
does not go into too many details, but rather concentrates on the general 
concepts common to any C++ program. 

CRITICAL SKILL 1.1: A Brief History of 
C++ 

The history of C++ begins with C. The reason for this is easy to understand: 
C++ is built upon the foundation of C. Thus, C++ is a superset of C. C++ 
expanded and enhanced the C language to support object-oriented 
programming (which is described later in this module). C++ also added 
several other improvements to the C language, including an extended set of 
library routines. However, much of the spirit and flavor of C++ is directly 
inherited from C. Therefore, to fully understand and appreciate C++, you 
need to understand the “how and why” behind C. 

C: The Beginning of the Modern Age of 
Programming 

The invention of C defines the beginning of the modern age of 
programming. Its impact should not be underestimated because it 
fundamentally changed the way programming was approached and thought 
about. Its design philosophy and syntax have influenced every major 
language since. C was one of the major, revolutionary forces in computing. 

C was invented and first implemented by Dennis Ritchie on a DEC PDP-11 
using the UNIX operating system. C is the result of a development process 



that started with an older language called BCPL. BCPL was developed by 
Martin Richards. BCPL influenced a language called B, which was invented 
by Ken Thompson and which led to the development of C in the 1970s. 

Prior to the invention of C, computer languages were generally designed 
either as academic exercises or by bureaucratic committees. C was 
different. It was designed, implemented, and developed by real, working 
programmers, reflecting the way they approached the job of programming. 
Its features were honed, tested, thought about, and rethought by the people 
who actually used the language. As a result, C attracted many proponents 
and quickly became the language of choice of programmers around the 
world. 

C grew out of the structured programming revolution of the 1960s. Prior to 
structured programming, large programs were difficult to write because the 
program logic tended to degenerate into what is known as “spaghetti code,” 
a tangled mass of jumps, calls, and returns that is difficult to follow. 
Structured languages addressed this problem by adding well-defined control 
statements, subroutines 
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with local variables, and other improvements. Using structured languages, it 
became possible to write moderately large programs. 

Although there were other structured languages at the time, such as Pascal, 
C was the first to successfully combine power, elegance, and 
expressiveness. Its terse, yet easy-to-use syntax coupled with its philosophy 
that the programmer (not the language) was in charge quickly won many 
converts. It can be a bit hard to understand from today’s perspective, but C 
was a breath of fresh air that programmers had long awaited. As a result, C 
became the most widely used structured programming language of the 
1980s. 

The Need for C++ 

Given the preceding discussion, you might be wondering why C++ was 
invented. Since C was a successful computer programming language, why 
was there a need for something else? The answer is complexity. Throughout 
the history of programming, the increasing complexity of programs has 
driven the need for better ways to manage that complexity. C++ is a 
response to that need. To better understand the correlation between 
increasing program complexity and computer language development, 
consider the following. 

Approaches to programming have changed dramatically since the invention 
of the computer. For example, when computers were first invented, 
programming was done by using the computer’s front panel to toggle in the 
binary machine instructions. As long as programs were just a few hundred 
instructions long, this approach worked. As programs grew, assembly 
language was invented so that programmers could deal with larger, 
increasingly complex programs by using symbolic representations of the 
machine instructions. As programs continued to grow, high-level languages 
were developed to give programmers more tools with which to handle the 
complexity. 

The first widely used computer language was, of course, FORTRAN. 
While FORTRAN was a very impressive first step, it is hardly a language 
that encourages clear, easy-to-understand programs. The 1960s gave birth 
to structured programming, which is the method of programming 
encouraged by languages such as C. With structured languages it was, for 
the first time, possible to write moderately complex programs fairly easily. 



However, even with structured programming methods, once a project 
reaches a certain size, its complexity exceeds what a programmer can 
manage. By the late 1970s, many projects were near or at this point. 

In response to this problem, a new way to program began to emerge: object- 
oriented programming (OOP). Using OOP, a programmer could handle 
larger, more complex programs. The trouble was that C did not support 
object-oriented programming. The desire for an object-oriented version of 
C ultimately led to the creation of C++. 

In the final analysis, although C is one of the most liked and widely used 
professional programming languages in the world, there comes a time when 
its ability to handle complexity is exceeded. Once a program reaches a 
certain size, it becomes so complex that it is difficult to grasp as a totality. 
The 
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purpose of C++ is to allow this barrier to be broken and to help the 
programmer comprehend and manage larger, more complex programs. 

C++ Is Born 

C++ was invented by Bjarne Stroustrup in 1979, at Bell Laboratories in 
Murray Hill, New Jersey. He initially called the new language “C with 
Classes.” However, in 1983 the name was changed to C++. 

Stroustrup built C++ on the foundation of C, including all of C’s features, 
attributes, and benefits. He also adhered to C’s underlying philosophy that 
the programmer, not the language, is in charge. At this point, it is critical to 
understand that Stroustrup did not create an entirely new programming 
language. 

Instead, he enhanced an already highly successful language. 

Most of the features that Stroustrup added to C were designed to support 
object-oriented programming. In essence, C++ is the object-oriented 
version of C. By building upon the foundation of C, Stroustrup provided a 
smooth migration path to OOP. Instead of having to learn an entirely new 
language, a C programmer needed to learn only a few new features before 
reaping the benefits of the object-oriented methodology. 

When creating C++, Stroustrup knew that it was important to maintain the 
original spirit of C, including its efficiency, flexibility, and philosophy, 
while at the same time adding support for object-oriented programming. 
Happily, his goal was accomplished. C++ still provides the programmer 
with the freedom and control of C, coupled with the power of objects. 

Although C++ was initially designed to aid in the management of very large 
programs, it is in no way limited to this use. In fact, the object-oriented 
attributes of C++ can be effectively applied to virtually any programming 
task. It is not uncommon to see C++ used for projects such as editors, 
databases, personal file systems, networking utilities, and communication 
programs. Because C++ shares C’s efficiency, much high-performance 
systems software is constructed using C++. Also, C++ is frequently the 
language of choice for Windows programming. 

The Evolution of C++ 



Since C++ was first invented, it has undergone three major revisions, with 
each revision adding to and altering the language. The first revision was in 
1985 and the second in 1990. The third occurred during the C++ 
standardization process. Several years ago, work began on a standard for 
C++. Toward that end, a joint ANSI (American National Standards 
Institute) and ISO (International Standards Organization) standardization 
committee was formed. The first draft of the proposed standard was created 
on January 25, 1994. In that draft, the ANSI/ISO C++ committee (of which 
I was a member) kept the features first defined by Stroustrup and added 
some new ones. But, in general, this initial draft reflected the state of C++ 
at the time. 

Soon after the completion of the first draft of the C++ standard, an event 
occurred that caused the standard to be greatly expanded: the creation of the 
Standard Template Library (STL) by Alexander Stepanov. The STL is a set 
of generic routines that you can use to manipulate data. It is both powerful 
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and elegant. But it is also quite large. Subsequent to the first draft, the 
committee voted to include the STL in the specification for C++. The 
addition of the STL expanded the scope of C++ well beyond its original 
definition. While important, the inclusion of the STL, among other things, 
slowed the standardization of C++. 

It is fair to say that the standardization of C++ took far longer than anyone 
had expected. In the process, many new features were added to the 
language, and many small changes were made. In fact, the version of C++ 
defined by the ANSI/ISO C++ committee is much larger and more complex 
than Stroustrup’s original design. The final draft was passed out of 
committee on November 14, 1997, and an ANSI/ISO standard for C++ 
became a reality in 1998. This is the specification for C++ that is usually 
referred to as Standard C++. 

The material in this book describes Standard C++. This is the version of 
C++ supported by all mainstream C++ compilers, including Microsoft’s 
Visual C++. Thus, the code and information in this book are fully portable. 

CRITICAL SKILL 1.2: How C++ Relates 
to Java and C# 

In addition to C++, there are two other important, modern programming 
languages: Java and C#. Java was developed by Sun Microsystems, and C# 
was created by Microsoft. Because there is sometimes confusion about how 
these two languages relate to C++, a brief discussion of their relationship is 
in order. 

C++ is the parent for both Java and C#. Although both Java and C# added, 
removed, and modified various features, in total the syntax for these three 
languages is nearly identical. Furthermore, the object model used by C++ is 
similar to the ones used by Java and C#. Finally, the overall “look and feel” 
of these languages is very similar. This means that once you know C++, 
you can easily learn Java or C#. The opposite is also true. If you know Java 
or C#, learning C++ is easy. This is one reason that Java and C# share 
C++’s syntax and object model; it facilitated their rapid adoption by legions 
of experienced C++ programmers. 

The main difference between C++, Java, and C# is the type of computing 



environment for which each is designed. C++ was created to produce high- 
performance programs for a specific type of CPU and operating system. For 
example, if you want to write a program that runs on an Intel Pentium under 
the Windows operating system, then C++ is the best language to use. 


Ask the Expert 

Q: How do Java and C# create cross-platform, portable programs, and 
why can’t C++ do the same? 


A: Java and C# can create cross-platform, portable programs and C++ 



can’t because of the type of object code produced by the compiler. In the 
case of C++, the output from the compiler is machine code 
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that is directly executed by the CPU. Thus, it is tied to a specific CPU and 
operating system. If you want to run a C++ program on a different system, 
you need to recompile it into machine code specifically targeted for that 
environment. To create a C++ program that would run in a variety of 
environments, several different executable versions of the program are 
needed. 


Java and C# achieve portability by compiling a program into a pseudocode, 
intermediate language. In the case of Java, this intermediate language is 
called bytecode. For C#, it is called Microsoft Intermediate Language 
(MSIL). In both cases, this pseudocode is executed by a runtime system. 
For Java, this runtime system is called the Java Virtual Machine (JVM). For 
C#, it is the Common Language Runtime (CLR). Therefore, a Java program 
can run in any environment for which a JVM is available, and a C# 


program can run in any environment in which the CLR is implemented. 

Since the Java and C# runtime systems stand between a program and the 
CPU, Java and C# programs incur an overhead that is not present in the 
execution of a C++ program. This is why C++ programs usually run faster 
than the equivalent programs written in Java or C#. 

Java and C# were developed in response to the unique programming needs 
of the online environment of the Internet. (C# was also designed to simplify 
the creation of software components.) The Internet is connected to many 
different types of CPUs and operating systems. Thus, the ability to produce 
cross-platform, portable programs became an overriding concern. 

The first language to address this need was Java. Using Java, it is possible 
to write a program that runs in a wide variety of environments. Thus, a Java 
program can move about freely on the Internet. However, the price you pay 
for portability is efficiency, and Java programs execute more slowly than do 
C++ programs. The same is true for C#. In the final analysis, if you want to 
create high-performance software, use C++. If you need to create highly 
portable software, use Java or C#. 

One final point: Remember that C++, Java, and C# are designed to solve 
different sets of problems. It is not an issue of which language is best in and 
of itself. Rather, it is a question of which language is right for the job at 
hand. 








From what language is C++ derived? 


What was the main factor that drove the 
creation of C++? 

C++ is the parent of Java and C#. True or 
False? 
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Answer Key: 


C++ is derived from C. 

Increasing program complexity was the main factor that 
drove the creation of C++. 

True. 


CRITICAL SKILL 1.3: Object-Oriented 







Programming 

Central to C++ is object-oriented programming (OOP). As just explained, 
OOP was the impetus for the creation of C++. Because of this, it is useful to 
understand OOP’s basic principles before you write even a simple C++ 
program. 

Object-oriented programming took the best ideas of structured 
programming and combined them with several new concepts. The result 
was a different and better way of organizing a program. In the most general 
sense, a program can be organized in one of two ways: around its code 
(what is happening) or around its data (who is being affected). Using only 
structured programming techniques, programs are typically organized 
around code. This approach can be thought of as “code acting on data.” 

Object-oriented programs work the other way around. They are organized 
around data, with the key principle being “data controlling access to code.” 
In an object-oriented language, you define the data and the routines that are 
permitted to act on that data. Thus, a data type defines precisely what sort 
of operations can be applied to that data. 

To support the principles of object-oriented programming, all OOP 
languages, including C++, have three traits in common: encapsulation, 
polymorphism, and inheritance. Let’s examine each. 

Encapsulation 

Encapsulation is a programming mechanism that binds together code and 
the data it manipulates, and that keeps both safe from outside interference 
and misuse. In an object-oriented language, code and data can be bound 
together in such a way that a self-contained black box is created. Within the 
box are all necessary data and code. When code and data are linked together 
in this fashion, an object is created. In other words, an object is the device 
that supports encapsulation. 



Ask the Expert 

Q! I have heard the term method applied to a subroutine. Is a method the 
same as a function? 


A: In general, the answer is yes. The term method was popularized by 


Java. What a C++ programmer calls a function, a Java programmer calls a 

method. C# programmers also use the term method. Because it is becoming 
so widely used, sometimes the term method is also used when referring to a 
C++ 
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function. 


Within an object, code or data or both may be private to that object or 
public. Private code or data is known to and accessible by only another part 
of the object. That is, private code or data cannot be accessed by a piece of 
the program that exists outside the object. When code or data is public, 
other parts of your program can access it even though it is defined within an 
object. Typically, the public parts of an object are used to provide a 
controlled interface to the private elements of the object. 

C++’s basic unit of encapsulation is the class. A class defines the form of an 
object. It specifies both the data and the code that will operate on that data. 
C++ uses a class specification to construct objects. Objects are instances of 
a class. Thus, a class is essentially a set of plans that specifies how to build 
an object. 

The code and data that constitute a class are called members of the class. 
Specifically, member variables, also called instance variables, are the data 
defined by the class. Member functions are the code that operates on that 
data. Function is C++’s term for a subroutine. 

Polymorphism 

Polymorphism (from Greek, meaning “many forms”) is the quality that 
allows one interface to access a general class of actions. A simple example 
of polymorphism is found in the steering wheel of an automobile. The 
steering wheel (the interface) is the same no matter what type of actual 
steering mechanism is used. That is, the steering wheel works the same 
whether your car has manual steering, power steering, or rack-and-pinion 
steering. Thus, turning the steering wheel left causes the car to go left no 
matter what type of steering is used. The benefit of the uniform interface is, 
of course, that once you know how to operate the steering wheel, you can 
drive any type of car. 


The same principle can also apply to programming. For example, 
consider a stack (which is a first-in, last-out list). You might have a program 
that requires three different types of stacks. One stack is used for integer 
values, one for floating-point values, and one for characters. In this case, 
the algorithm that implements each stack is the same, even though the data 
being stored differs. In a non-object-oriented language, you would be 
required to create three different sets of stack routines, with each set using 
different names. However, because of polymorphism, in C++ you can 
create one general set of stack routines that works for all three situations. 
This way, once you know how to use one stack, you can use them all. 

More generally, the concept of polymorphism is often expressed by the 
phrase “one interface, multiple methods.” This means that it is possible to 
design a generic interface to a group of related activities. Polymorphism 
helps reduce complexity by allowing the same interface to specify a general 
class of action. It is the compiler’s job to select the specific action (that is, 
method) as it applies to each situation. You, the programmer, don’t need to 
do this selection manually. You need only remember and utilize the general 
interface. 

















Inheritance 


Inheritance is the process by which one object can acquire the properties of 
another object. This is important because it supports the concept of 
hierarchical classification. If you think about it, most knowledge is made 
manageable by hierarchical (that is, top-down) classifications. For example, 
a Red Delicious apple is part of the classification apple, which in turn is 
part of the fruit class, which is under the larger class food. That is, the food 
class possesses certain qualities (edible, nutritious, and so on) which also, 
logically, apply to its subclass, fruit. In addition to these qualities, the fruit 
class has specific characteristics (juicy, sweet, and so on) that distinguish it 
from other food. The apple class defines those qualities specific to an apple 
(grows on trees, not tropical, and so on). A Red Delicious apple would, in 
turn, inherit all the qualities of all preceding classes and would define only 
those qualities that make it unique. 

Without the use of hierarchies, each object would have to explicitly define 
all of its characteristics. Using inheritance, an object need only define those 
qualities that make it unique within its class. It can inherit its general 
attributes from its parent. Thus, it is the inheritance mechanism that makes 
it possible for one object to be a specific instance of a more general case. 










Name the principles of OOP. 


What is the basic unit of encapsulation in 
C++? 


What is the commonly used term for a 
subroutine in C++? 



Answer Key: 


Encapsulation, polymorphism, and inheritance are the 
principles of OOP. 

The class is the basic unit of encapsulation in C++. 
Function is the commonly used term for a subroutine in 

C++. 







Ask the Expert 

Q: You state that object-oriented programming (OOP) is an effective way 

to manage large programs. However, it seems that OOP might add 
substantial overhead to relatively small ones. As it relates to C++, 
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is this true? 

A: No. A key point to understand about C++ is that it allows you to write 

object-oriented programs, but does not require you to do so. This is one of 
the important differences between C++ and Java/C#, which employ a strict 
object-model in which every program is, to at least a small extent, object 
oriented. C++ gives you the option. Furthermore, for the most part, the 
object-oriented features of C++ are transparent at runtime, so little (if any) 
overhead is incurred. 


CRITICAL SKILL 1.4: A First Simple 
Program 

Now it is time to begin programming. Let’s start by compiling and running 
the short sample C++ program shown here: 

/* 


This is a simple C++ program. 
Call this file Sample.cpp. 




#include <iostream> 


using namespace std; 

A C++ program begins at main(). int main() 

{ 


cout « "C++ is power programming."; 
return 0; 


} 

You will follow these three steps: 

Enter the program. 

Compile the program. 

Run the program. 

Before beginning, let’s review two terms: source code and object code. 
Source code is the human-readable form of the program. It is stored in a 
text file. Object code is the executable form of the program created by the 
compiler. 
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Entering the Program 

The programs shown in this book are available from Osborne’s web site: 
www.osborne.com. However, if you want to enter the programs by hand, 
you are free to do so. Typing in the programs yourself often helps you 
remember the key concepts. If you choose to enter a program by hand, you 
must use a text editor, not a word processor. Word processors typically store 
format information along with text. This format information will confuse 
the C++ compiler. If you are using a Windows platform, then you can use 
WordPad, or any other programming editor that you like. 

The name of the file that holds the source code for the program is 
technically arbitrary. However, C++ programs are normally contained in 
files that use the file extension .cpp. Thus, you can call a C++ program file 
by any name, but it should use the .cpp extension. For this first example, 
name the source file Sample.cpp so that you can follow along. For most of 
the other programs in this book, simply use a name of your own choosing. 


Compiling the Program 


How you will compile Sample.cpp depends upon your compiler and what 
options you are using. Furth ermore, many compilers, such as Microsoft’s 
MlalHHllBl nBBlwiilHlII which you can download for free, provide two 
different ways for compiling a program: the command-line compiler and 
the Integrated Development Environment (IDE). Thus, it is not possible to 
give generalized instructions for compiling a C++ program. You must 
consult your compiler’s instructions. 


The preceding paragraph notwithstanding, if you are using Visual C++, then 
the easiest way to compile and run the programs in this book is to use the 
command-line compilers offered by these environments. For example, to 
compile Sample.cpp using Visual C++, you will use this command line: 


C:\...>cl -GX Sample.cpp 


The -GX option enhances compilation. To use the Visual C++ command¬ 
line compiler, you must first execute the batch file VCVARS32.BAT, which 
is provided by Visual C++. (Visual Studio also provides a ready-to-use 
command prompt environment that can be activated by selecting Visual 
Studio Command Prompt from the list of tools shown under the Microsoft 



Visual Studio entry in the Start | Programs menu of the taskbar.) 

The output from a C++ compiler is executable object code. For a Windows 
environment, the executable file will use the same name as the source file, 
but have the .exe extension. Thus, the executable version of Sample.cpp 
will be in Sample.exe. 

Run the Program 

After a C++ program has been compiled, it is ready to be run. Since the 
output from a C++ compiler is executable object code, to run the program, 
simply enter its name at the command prompt. For example, to run 
Sample.exe, use this command line: 


C:\... : 

> Sample 
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When run, the program displays the following output: 

C++ is power programming. 

If you are using an Integrated Development Environment, then you can run 
a program by selecting Run from a menu. Consult the instructions for your 
specific compiler. For the programs in this book, it is usually easier to 
compile and run from the command line. 

One last point: The programs in this book are console based, not window 
based. That is, they run in a Command Prompt session. C++ is completely 
at home with Windows programming. Indeed, it is the most commonly used 
language for Windows development. However, none of the programs in this 
book use the Windows Graphic User Interface (GUI). The reason for this is 
easy to understand: Windows programs are, by their nature, large and 
complex. The overhead required to create even a minimal Windows skeletal 
program is 50 to 70 lines of code. To write Windows programs that 
demonstrate the features of C++ would require hundreds of lines of code 
each. In contrast, console-based programs are much shorter and are the type 
of programs normally used to teach programming. Once you have mastered 
C++, you will be able to apply your knowledge to Windows programming 
with no trouble. 

The First Sample Program Line by Line 

Although Sample.cpp is quite short, it includes several key features that are 
common to all C++ programs. Let’s closely examine each part of the 
program. The program begins with the lines 

/* 


This is a simple C++ program. 
Call this file Sample.cpp. 

*/ 


This is a comment. Like most other programming languages, C++ lets you 
enter a remark into a program’s source code. The contents of a comment are 
ignored by the compiler. The purpose of a comment is to describe or 
explain the operation of a program to anyone reading its source code. In the 



case of this comment, it identifies the program. In more complex programs, 
you will use comments to help explain what each feature of the program is 
for and how it goes about doing its work. In other words, you can use 
comments to provide a “play-by-play” description of what your program 
does. 

In C++, there are two types of comments. The one you’ve just seen is called 
a multiline comment. This type of comment begins with a /* (a slash 
followed by an asterisk). It ends only when a */ is encountered. Anything 
between these two comment symbols is completely ignored by the 
compiler. Multiline comments may be one or more lines long. The second 
type of comment (single-line) is found a little further on in the program and 
will be discussed shortly. 

The next line of code looks like this: 



#include <iostream> 











The C++ language defines several headers, which contain information that 
is either necessary or useful to your program. This program requires the 
header iostream, which supports the C++ I/O system. This header is 
provided with your compiler. A header is included in your program using 
the #include directive. Later in this book, you will learn more about headers 
and why they are important. 

The next line in the program is 

using namespace std; 

This tells the compiler to use the std namespace. Namespaces are a 
relatively recent addition to C++. Although namespaces are discussed in 
detail later in this book, here is a brief description. A namespace creates a 
declarative region in which various program elements can be placed. 
Elements declared in one namespace are separate from elements declared in 
another. Namespaces help in the organization of large programs. The using 
statement informs the compiler that you want to use the std namespace. 
This is the namespace in which the entire Standard C++ library is declared. 
By using the std namespace, you simplify access to the standard library. 
(Since namespaces are relatively new, an older compiler may not support 
them. If you are using an older compiler, see Appendix B, which describes 
an easy work-around.) 

The next line in the program is 

// A C++ program begins at main(). 

This line shows you the second type of comment available in C++: the 
single-line comment. Single-line comments begin with // and stop at the end 
of the line. Typically, C++ programmers use multiline comments when 
writing larger, more detailed commentaries, and single-line comments when 
short remarks are needed. This is, of course, a matter of personal style. 

The next line, as the preceding comment indicates, is where program 
execution begins, int main() 

All C++ programs are composed of one or more functions. As explained 
earlier, a function is a subroutine. Every C++ function must have a name, 
and the only function that any C++ program must include is the one shown 
here, called main( ). The main( ) function is where program execution 



begins and (most commonly) ends. (Technically speaking, a C++ program 
begins with a call to main() and, in most cases, ends when main() returns.) 
The opening curly brace on the line that follows main() marks the start of 
the main() function code. The int that precedes main() specifies the type of 
data returned by main( ). As you will learn, C++ supports several built-in 
data types, and int is one of them. It stands for integer. 

The next line in the program is 

cout « "C++ is power programming."; 
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This is a console output statement. It causes the message C++ is power 
programming, to be displayed on the screen. It accomplishes this by using 
the output operator «. The « operator causes whatever expression is on 
its right side to be output to the device specified on its left side, cout is a 
predefined identifier that stands for console output and generally refers to 
the computer’s screen. Thus, this statement causes the message to be output 
to the screen. Notice that this statement ends with a semicolon. In fact, all 
C++ statements end with a semicolon. 

The message “C++ is power programming.” is a string. In C++, a string is a 
sequence of characters enclosed between double quotes. Strings are used 
frequently in C++. 

The next line in the program is 

return 0; 

This line terminates main() and causes it to return the value 0 to the calling 
process (which is typically the operating system). For most operating 
systems, a return value of 0 signifies that the program is terminating 
normally. Other values indicate that the program is terminating because of 
some error, return is one of C++’s keywords, and it is used to return a value 
from a function. All of your programs should return 0 when they terminate 
normally (that is, without error). 

The closing curly brace at the end of the program formally concludes the 
program. 

Handling Syntax Errors 

If you have not yet done so, enter, compile, and run the preceding program. 
As you may know from previous programming experience, it is quite easy 
to accidentally type something incorrectly when entering code into your 
computer. Fortunately, if you enter something incorrectly into your 
program, the compiler will report a syntax error message when it tries to 
compile it. Most C++ compilers attempt to make sense out of your source 
code no matter what you have written. For this reason, the error that is 
reported may not always reflect the actual cause of the problem. In the 
preceding program, for example, an accidental omission of the opening 
curly brace after main( ) may cause the compiler to report the cout 



statement as the source of a syntax error. When you receive syntax error 
messages, be prepared to look at the last few lines of code in your program 
in order to find the error. 


Ask the Expert 

Q: In addition to error messages, my compiler offers several types of 

warning messages. How do warnings differ from errors, and what type of 
reporting should I use? 

A: In addition to reporting fatal syntax errors, most C++ compilers can 

also report several types of warning messages. Error messages report things 
that are unequivocally wrong in your program, such as forgetting a 
semicolon. Warnings point out suspicious but technically correct code. You, 
the 
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programmer, then decide whether the suspicion is justified. 


Warnings are also used to report such things as inefficient constructs or the 
use of obsolete features. Generally, you can select the specific type of 
warnings that you want to see. The programs in this book are in compliance 
with Standard C++, and when entered correctly, they will not generate any 
troublesome warning messages. 

For the examples in this book, you will want to use your compiler’s default 
(or “normal”) error reporting. However, you should examine your 
compiler’s documentation to see what options you have at your disposal. 
Many compilers have sophisticated features that can help you spot subtle 
errors before they become big problems. Understanding your compiler’s 
error reporting system is worth your time and effort. 



Where does a C++ program begin 
execution? 

What is cout? 

What does #include <iostream> do? 











Answer Key: 


A C++ program begins execution with main(). 

cout is a predefined identifier that is linked to console 
output. 

It includes the header <iostream>, which supports I/O. 


CRITICAL SKILL 1.5: A Second Simple 
Program 

Perhaps no other construct is as fundamental to programming as the 
variable. A variable is a named memory location that can be assigned a 
value. Further, the value of a variable can be changed during the execution 
of a program. That is, the content of a variable is changeable, not fixed. 

The following program creates a variable called length, gives it the value 7, 
and then displays the message “The length is 7” on the screen. 
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// tiding a, variable. 


#include <ioctream> 
using namespace stdj 

int mainU 
{ 

int length? / / this declares a variable ^ Declare a variable 

length - 7 ? // this assigns 7 to length " ■Assign- lengrh a value 

cout << "The length ic ■; 

cent << length? // This displays 7 -QufpuMhe vaW in lengrfi, 

return 0; 

} 


As mentioned earlier, the names of C++ programs are arbitrary. Thus, when 
you enter this program, select a filename to your liking. For example, you 
could give this program the name VarDemo.cpp. 

This program introduces two new concepts. First, the statement int length; 
// this declares a variable 

declares a variable called length of type integer. In C++, all variables must 
be declared before they are used. Further, the type of values that the 



variable can hold must also be specified. This is called the type of the 
variable. In this case, length may hold integer values. These are whole 
number values whose range will be at least -32,768 through 32,767. In 
C++, to declare a variable to be of type integer, precede its name with the 
keyword int. Later, you will see that C++ supports a wide variety of built-in 
variable types. (You can create your own data types, too.) 

The second new feature is found in the next line of code: 

length = 7; // this assigns 7 to length 

As the comment suggests, this assigns the value 7 to length. In C++, the 
assignment operator is the single equal sign. It copies the value on its right 
side into the variable on its left. After the assignment, the variable length 
will contain the number 7. 

The following statement displays the value of length: 
cout « length; // This displays 7 

In general, if you want to display the value of a variable, simply put it on 
the right side of « in a cout statement. In this specific case, because length 
contains the number 7, it is this number that is displayed 
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on the screen. Before moving on, you might want to try giving length other 
values and watching the results. 


CRITICAL SKILL 1.6: Using an Operator 

Like most other computer languages, C+ supports a full range of arithmetic 
operators that enable you to manipulate numeric values used in a program. 
They include those shown here: 


+ 

Addition 

— 

Subtraction 


Multiplication 

/ 

Division 


These operators work in C++ just like they do in algebra. 

The following program uses the * operator to compute the area of a 
rectangle given its length and the width. 


// Using an operator. 


#i qc 1ude <iost r eam> 
using namespace std; 


int mainO 

{ 

int lengthy 
int width* 
int area; 


this declares a variable 

// this declares another variable 

// this does, too 


length = 7? 

width ■ 5? 


// this assigns 7 to length 

// this assigns 5 to width 


area = length * width? // compute area 4 

aout << "The area is *: 

cout << area; // This displays 35 

return 0; 

) 


Assign the product of length 
and width In areo 



This program declares three variables: length, width, and area. It assigns the 
value 7 to length and the value 5 to width. It then computes the product and 
assigns that value to area. The program outputs the following: 

The area is 35 
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In this program, there is actually no need for the variable area. For example, 
the program can be rewritten like this: 

//A simplified version of the area program, 

# include <io£:tream> 
using namespace etch 

int nainO 

{ 

int length? // this declares a variable 

int width; / / this declares another variable 

length - 7; // this assigns 7 to length 

width * 5; // this assigns 5 to width 

cout << "The area is * j 

cout << length * width; / / This displays 15 -Oulpui length " width dradtp. 

return 0; 


In this version, the area is computed in the cout statement by multiplying 



length by width. The result is then output to the screen. 

One more point before we move on: It is possible to declare two or more 
variables using the same declaration statement. Just separate their names by 
commas. For example, length, width, and area could have been declared 
like this: 

int length, width, area; // all declared using one statement 

Declaring two or more variables in a single statement is very common in 



Must a variable be declared before it is 

used? 

Show how to assign the variable min the 
value 0. 

Can more than one variable be declared in 
a single declaration statement? 
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Answer Key: 


Yes, in C++ variables must be declared before they are 

used. 

min = 0; 


Yes, two or more variables can be declared in a single 
declaration statement. 







CRITICAL SKILL 1.7: Reading Input 
from the Keyboard 

The preceding examples have operated on data explicitly specified in the 
program. For example, the area program just shown computes the area of a 
rectangle that is 7 by 5, and these dimensions are part of the program itself. 
Of course, the calculation of a rectangle’s area is the same no matter what 
its size, so the program would be much more useful if it would prompt the 
user for the dimensions of the rectangle, allowing the user to enter them 
using the keyboard. 

To enable the user to enter data into a program from the keyboard, you will 
use the » operator. This is the C++ input operator. To read from the 
keyboard, use this general form 

cin » var; 

Here, cin is another predefined identifier. It stands for console input and is 
automatically supplied by C++. By default, cin is linked to the keyboard, 
although it can be redirected to other devices. The variable that receives 
input is specified by var. 


Here is the area program rewritten to allow the user to enter the dimensions 
of the rectangle: 
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/* 

An interactive program that computer 
the area of a rectangle. 

V 

#include <iostream> 
using namespace std; 

int mainO 

{ 

int length; // this declares a variable 

int widthj // this declares another variable 

cout <<i "Enter the length; "j 

cin >> lengthj // input the lengths- Input the value of length 

from the keyboard 

cout << "Enter the width; " j 

cin >> width; // input the widths - Input the value of width 

bom fhe keyboard. 

cout << "The area is fl j 

cout << length * width? // display the area 
return Oj 

} 



Here is a sample run: 

Enter the length: 8 
Enter the width: 3 
The area is 24 

Pay special attention to these lines: 

cout « "Enter the length: 

cin » length; // input the length 

The cout statement prompts the user. The cin statement reads the user’s 
response, storing the value in length. Thus, the value entered by the user 
(which must be an integer in this case) is put into the variable that is on the 
right side of the » (in this case, length). Thus, after the cin statement 
executes, length will contain the rectangle’s length. (If the user enters a 
nonnumeric response, length will be zero.) The statements that prompt and 
read the width work in the same way. 

Some Output Options 

So far, we have been using the simplest types of cout statements. However, 
cout allows much more sophisticated output statements. Here are two useful 
techniques. First, you can output more than one 
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piece of information using a single cout statement. For example, in the area 
program, these two lines are used to display the area: 

cout « "The area is 

cout « length * width; 

These two statements can be more conveniently coded, as shown here: 
cout « "The area is " « length * width; 

This approach uses two output operators within the same cout statement. 
Specifically, it outputs the string “The area is” followed by the area. In 
general, you can chain together as many output operations as you like 
within one output statement. Just use a separate « for each item. 

Second, up to this point, there has been no occasion to advance output to 
the next line— that is, to execute a carriage return-linefeed sequence. 
However, the need for this will arise very soon. In C++, the carriage return- 
linefeed sequence is generated using the newline character. To put a 
newline character into a string, use this code: \n (a backslash followed by a 
lowercase n). To see the effect of the \n, try the following program: 

/* 



This program demonstrates the \n code, 
which generates a new line. 


#include <iostream> 
using namespace std; 
int main() 

{ 


cout« "one\n"; 
cout« "two\n"; 
cout« "three"; 



coiit« "four"; 
return 0; 

} 

This program produces the following output: 

one 

two 

threefour 

The newline character can be placed anywhere in the string, not just at the 
end. You might want to try experimenting with the newline character now, 
just to make sure you understand exactly what it does. 


21 














ress Check 


What is C++’s input operator? 

To what device is cin linked by default? 
What does \n stand for? 







Answer Key: 


The input operator is ». 

cin is linked to the keyboard by default. 

The \n stands for the newline character. 


Another Data Type 

In the preceding programs, variables of type int were used. However, a 
variable of type int can hold only whole numbers. Thus, it cannot be used 
when a fractional component is required. For example, an int variable can 
hold the value 18, but not the value 18.3. Fortunately, int is only one of 
several data types defined by C++. To allow numbers with fractional 
components, C++ defines two main flavors of floating-point types: float 
and double, which represent single- and double-precision values, 
respectively. Of the two, double is probably the most commonly used. 

To declare a variable of type double, use a statement similar to that shown 
here: 

double result; 

Here, result is the name of the variable, which is of type double. Because 
result has a floating-point type, it can hold values such as 88.56, 0.034, or - 
107.03. 

To better understand the difference between int and double, try the 
following program: 
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/* 

This program Illustrates the differences 
between int and double, 

*y 

#include - iostreain> 
using namespace std? 

int malnO ( 

int ivar; // this declares an int variable 

double dvar? // this declares a floating-point variable 

ivar = 100; /,/ assign ivar the value 100 

dvar = 100.0; // assign dvar the value 100.0 

gout << "Original value of ivar? * « ivar << u \n*; 

gout << ''Original value o£ dvar: * « dvar << *\n"; 

gout << "\n"; // print a blank line * Output a blank Irne 

/ / now, divide both by 3 
ivar = ivar / 3; 
dvar = dvar / 3.0? 

cout << "ivar after division; " « ivar « lp \n*j 

gout << "dvar after division; - << dvar « 

return 0; 

} 



The output from this program is shown here: 
Original value of ivar: 100 
Original value of dvar: 100 
ivar after division: 33 


dvar after division: 33.3333 



Ask the Expert 

Q: Why does C++ have different data types for integers and floating-point 
values? That is, why aren’t all numeric values just the same type? 
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A: C++ supplies different data types so that you can write efficient 

programs. For example, integer arithmetic is faster than floating-point 

calculations. Thus, if you don’t need fractional values, then you don’t need 
to incur the overhead associated with types float or double. Also, the 
amount of memory required for one type of data might be less than that 
required for another. By supplying different types, C++ enables you to 
make the best use of system resources. Finally, some algorithms require (or 
at least benefit from) the use of a specific type of data. C++ supplies a 
number of built-in types to give you the greatest flexibility. 


As you can see, when ivar is divided by 3, a whole-number division is 
performed and the outcome is 33—the fractional component is lost. 
However, when dvar is divided by 3, the fractional component is preserved. 

There is one other new thing in the program. Notice this line: 

cout « "\n"; // print a blank line 

It outputs a newline. Use this statement whenever you want to add a blank 
line to your output. 


Project 1-1 Converting Feet to Meters 




Although the preceding sample programs illustrate several important 
features of the C++ language, they are not very useful. You may not know 
much about C++ at this point, but you can still put what you have learned to 
work to create a practical program. In this project, we will create a program 
that converts feet to meters. The program prompts the user for the number 
of feet. It then displays that value converted into meters. 

A meter is equal to approximately 3.28 feet. Thus, we need to use floating¬ 
point data. To perform the conversion, the program declares two double 
variables. One will hold the number of feet, and the second will hold the 
conversion to meters. 

Step by Step 

Create a new C++ file called FtoM.cpp. (Remember, in C++ 
the name of the file is arbitrary, so you can use another name if 
you like.) 

Begin the program with these lines, which explain what the 
program does, include the iostream header, and specify the std 
namespace. 

/* 


Project 1-1 

This program converts feet to meters. 
Call this program FtoM.cpp. 

*/ 
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#include <iostream> 


using namespace std; 

Begin main() by declaring the variables f and m: 
int main() 

{ 

double f; // holds the length in feet double m; // holds 
the conversion to meters 

Add the code that inputs the number of feet: 

cout « "Enter the length in feet: cin » f; // read the 
number of feet 

Add the code that performs the conversion and displays the 
result: 


m = f / 3.28; // convert to meters 

cout« f « " feet is " « m « " meters."; 

Conclude the program, as shown here: return 0; } 
Your finished program should look like this: 

/* 


Project 1-1 

This program converts feet to meters. 
Call this program FtoM.cpp. 



#include <iostream> using namespace std; 



int main() 


{ 


double f; // holds the length in feet 
double m; // holds the conversion to 
meters 

cout « "Enter the length in feet: cin 
» f; // read the number of feet 

m = f / 3.28; // convert to meters 

cout « f « " feet is " « m « " 
meters."; 
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return 0; 


} 

Compile and run the program. Here is a sample run: 

Enter the length in feet: 5 5 feet is 1.52439 meters. 

Try entering other values. Also, try changing the program so 
that it converts meters to feet. 


What is C++’s keyword for the integer 
data type? 

What is double? 


How do you output a newline? 














Answer Key: 


The integer data type is int. 

double is the keyword for the double floating-point data 

type. 

To output a newline, use \n. 


CRITICAL SKILL 1.8: Two Control 
Statements 

Inside a function, execution proceeds from one statement to the next, top to 
bottom. It is possible, however, to alter this flow through the use of the 
various program control statements supported by C++. Although we will 
look closely at control statements later, two are briefly introduced here 
because we will be using them to write sample programs. 

The if Statement 

You can selectively execute part of a program through the use of C++’s 
conditional statement: the if. The if statement works in C++ much like the 
IF statement in any other language. For example, it is syntactically identical 
to the if statements in C, Java, and C#. Its simplest form is shown here: 

if(condition) statement; 

where condition is an expression that is evaluated to be either true or false. 
In C++, true is nonzero and false is zero. If the condition is true, then the 
statement will execute. If it is false, then the statement will 
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not execute. For example, the following fragment displays the phrase 10 is 
less than 11 on the screen because 10 is less than 11. 


if(10 < 11) cout « "10 is less than 11"; 

However, consider the following: 

if(10 >11) cout << "this does not display"; 

In this case, 10 is not greater than 11, so the cout statement is not executed. 
Of course, the operands inside an if statement need not be constants. They 
can also be variables. 

C++ defines a full complement of relational operators that can be used in a 
conditional expression. They are shown here: 


Operator 

Meaning 

< 

Less than 

< = 

Less than or equal 

> 

Greater than 

> = 

Greater than or equal 


Equal to 

I = 

• 

Not equal 


Notice that the test for equality is the double equal sign. Here is a program 
that illustrates the if statement: 

// Demonstrate the if. 


#include <iostream> 
using namespace std; 
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int main () 

int a r b, c; 


a — _l } 
b = 3 ? 


‘S 


if (#put <-<: * a ia than 


An statement 


this Wfflrt£ n 'display anything 

!£fef 4;; ■WH' l .-bl. 'icout" -i* :*4tatUi 1 se# 

/ ■ .■ ■Fv B v »?t* , V r - . 7 / ^ V r. - 


r 


II 91 

#.>?.; /j/ € contains «i 


sout ’<<:• ff cH0.,)ifiains -1 \n *f 

i*£ *** & i 



i| h -* 


./I. 


couf- f <<: 

, ii i * i > pi»i^ t 


f 




C’," = b - -//? qf bow contains 1 
cout << p c Contains l\n - ; 



if (c < 0) .^cpa®J <*£ -€i ] 



r - 


return 0; 


} 



The output generated by this program is shown here: 
a is less than b 
c contains -1 
c is negative 
c contains 1 
c is non-negative 

The for Loop 

You can repeatedly execute a sequence of code by creating a loop. C++ 
supplies a powerful assortment of loop constructs. The one we will look at 
here is the for loop. If you are familiar with C# or Java, then you will be 
pleased to know that the for loop in C++ works the same way it does in 
those languages. The simplest form of the for loop is shown here: 

for (initialization; condition; increment) statement; 

Here, initialization sets a loop control variable to an initial value, condition 
is an expression that is tested each time the loop repeats. As long as 
condition is true (nonzero), the loop keeps running. The 
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increment is an expression that determines how the loop control variable is 
incremented each time the loop repeats. 

The following program demonstrates the for. It prints the numbers 1 
through 100 on the screen. 

// A program that illustrates the for loop- 


line lude < ioc treaiu> 
using namespace stch 

int main () f 

^ mu ks a tor loop 

int count ; 

for{count- 1 ; count <= 100 ; count=count+l} 
cout « count « *; 

return 0; 

i 



In the loop, count is initialized to 1. Each time the loop repeats, the 
condition count <= 100 

is tested. If it is true, the value is output and count is increased by one. 
When count reaches a value greater than 100, the condition becomes false, 
and the loop stops running. In professionally written C++ code, you will 



almost never see a statement like 


count=count+l 

because C++ includes a special increment operator that performs this 
operation more efficiently. The increment operator is ++ (two consecutive 
plus signs). The ++ operator increases its operand by 1. For example, the 
preceding for statement will generally be written like this: 

for(count=l; count <= 100; count++) cout « count « " 

This is the form that will be used throughout the rest of this book. 

C++ also provides a decrement operator, which is specified as-. It 

decreases its operand by 1. 




1. What does the if statement do? 


















What does the for statement do? 
What are C++’s relational operators? 


Answer Key: 

if is C++’s conditional statement. 

The for is one of C++’s loop statements. 

The relational operators are ==, !=, <, >, <=, and >=. 








CRITICAL SKILL 1.9: Using Blocks of 
Code 


Another key element of C++ is the code block. A code block is a grouping 
of two or more statements. This is done by enclosing the statements 
between opening and closing curly braces. Once a block of code has been 
created, it becomes a logical unit that can be used any place that a single 
statement can. For example, a block can be a target of the if and for 
statements. Consider this if statement: 

if(w < h) { 


v = w * h; 


w = 0; 


} 

Here, if w is less than h, then both statements inside the block will be 
executed. Thus, the two statements inside the block form a logical unit, and 
one statement cannot execute without the other also executing. The key 
point here is that whenever you need to logically link two or more 
statements, you do so by creating a block. Code blocks allow many 
algorithms to be implemented with greater clarity and efficiency. 

Here is a program that uses a block of code to prevent a division by zero: 
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// Demonstrate a block o£ cod*. 

It include <ioctream> 
uoing namespace std; 

int main{) ( 

double result , n, dj 

cout << "Enter values *t 
cin >> nj 

cout << "Enter divisor t "; 
cin >> d; 

// the target of this if is a block 

if(d !* 0) {- 

cout << p d does not equal zero so 
result - n / d; 

cout « n « " / * « d << " is * 

} ——————————— 

return 0 ? 


The target of this if 
is the entire Week 

division is OK p « lp \n“/ 
« result ; 



Here is a sample run: 

Enter value: 10 
Enter divisor: 2 

d does not equal zero so division is OK 10 / 2 is 5 

In this case, the target of the if statement is a block of code and not just a 
single statement. If the condition controlling the if is true (as it is in the 
sample run), the three statements inside the block will be executed. Try 
entering a zero for the divisor and observe the result. In this case, the code 
inside the block is bypassed. 

As you will see later in this book, blocks of code have additional properties 
and uses. However, the main reason for their existence is to create logically 
inseparable units of code. 


Ask the Expert 

Q: Does the use of a code block introduce any runtime inefficiencies? In 

other words, do the { and } consume any extra time during the execution of 
my program? 
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A: No. Code blocks do not add any overhead whatsoever. In fact, because 

of their ability to simplify the coding of certain algorithms, their use 
generally increases speed and efficiency. 


Semicolons and Positioning 

In C++, the semicolon signals the end of a statement. That is, each 
individual statement must end with a semicolon. As you know, a block is a 
set of logically connected statements that is surrounded by opening and 
closing braces. A block is not terminated with a semicolon. Since a block is 
a group of statements, with a semicolon after each statement, it makes sense 
that a block is not terminated by a semicolon; instead, the end of the block 
is indicated by the closing brace. 

C++ does not recognize the end of the line as the end of a statement—only 
a semicolon terminates a statement. For this reason, it does not matter 
where on a line you put a statement. 

For example, to C++ 

x = y; 

y = y + i; 

cout « x « "" « y; 
is the same as 

x = y; y = y + 1; cout « x « " " « y; 

Furthermore, the individual elements of a statement can also be put on 
separate lines. For example, the following is perfectly acceptable: 



cout« "This is a long line. The sum is : " « a + b + c + 

d + e + f; 

Breaking long lines in this fashion is often used to make programs more 
readable. It can also help prevent excessively long lines from wrapping. 

Indentation Practices 

You may have noticed in the previous examples that certain statements 
were indented. C++ is a free-form language, meaning that it does not matter 
where you place statements relative to each other on a line. However, over 
the years, a common and accepted indentation style has developed that 
allows for very readable programs. This book follows that style, and it is 
recommended that you do so as well. Using this style, you indent one level 
after each opening brace and move back out one level after each closing 
brace. There are certain statements that encourage some additional 
indenting; these will be covered later. 
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How is a block of code created? What 
does it do? 

In C++, statements are terminated by a 


All C++ statements must start and end on 
one line. True or false? 




Answer Key: 


A block is started by a {. It is ended by a }. A block 
creates a logical unit of code. 

semicolon 

False. 


Project 1-2 Generating a Table of Feet to 
Meter Conversions 

This project demonstrates the for loop, the if statement, and code blocks to 
create a program that displays a table of feet-to-meters conversions. The 
table begins with 1 foot and ends at 100 feet. After every 10 feet, a blank 
line is output. This is accomplished through the use of a variable called 
counter that counts the number of lines that have been output. Pay special 
attention to its use. 

Step by Step 

Create a new file called FtoMTable.cpp. 


Enter the following program into the file: 
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/* 

Project 1^2 

This program displays a conversion table of feet to meters. 
Call this program FtoMTable,app* 

*/ 

#include < iostreaici> 
using namespace stdj 

int mainO { 

double f| // holds the length in feet 
double tn; // holds the conversion to meters 
int counter; 

counter = 0 ; * ■- Line counter is inrtKilly set to zero 

for(f =1.0; f <= 100.0; f++> { 

/ 3.33; // convert to meters 
cout « f «■ p feet is ■ « m << ■ aetersAn"; 

counter+4; 4-Increment the line counter w\\h each loop deration 

// every 10th line, print a blank line 
if (counter 10) {■*' 1 

cout « "\n"i // output a blank line 
counter * 0; // reset the line counter 

> 

1 

return 0; 


IF counter is 10 

output d blank line 



Notice how counter is used to output a blank line after each ten 
lines. It is initially set to zero outside the for loop. Inside the loop, 
it is incremented after each conversion. When counter equals 10, 
a blank line is output, counter is reset to zero, and the process 
repeats. 

Compile and run the program. Here is a portion of the output 
that you will see. Notice that results that don’t produce an even 
result include a fractional component. 

1 feet is 0.304878 meters. 

2 feet is 0.609756 meters. 

3 feet is 0.914634 meters. 

4 feet is 1.21951 meters. 


5 feet is 1.52439 meters. 



6 feet is 1.82927 meters. 


7 feet is 2.13415 meters. 
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8 feet is 2.43902 meters. 


9 feet is 2.7439 meters. 

10 feet is 3.04878 meters. 

11 feet is 3.35366 meters. 

12 feet is 3.65854 meters. 

13 feet is 3.96341 meters. 

14 feet is 4.26829 meters. 

15 feet is 4.57317 meters. 

16 feet is 4.87805 meters. 

17 feet is 5.18293 meters. 

18 feet is 5.4878 meters. 

19 feet is 5.79268 meters. 

20 feet is 6.09756 meters. 

21 feet is 6.40244 meters. 

22 feet is 6.70732 meters. 

23 feet is 7.0122 meters. 

24 feet is 7.31707 meters. 

25 feet is 7.62195 meters. 

26 feet is 7.92683 meters. 

27 feet is 8.23171 meters. 

28 feet is 8.53659 meters. 

29 feet is 8.84146 meters. 



30 feet is 9.14634 meters. 


31 feet is 9.45122 meters. 

32 feet is 9.7561 meters. 

33 feet is 10.061 meters. 

34 feet is 10.3659 meters. 

35 feet is 10.6707 meters. 

36 feet is 10.9756 meters. 

37 feet is 11.2805 meters. 

38 feet is 11.5854 meters. 

39 feet is 11.8902 meters. 

40 feet is 12.1951 meters. 

5. On your own, try changing this program so that it prints a blank line 
every 25 lines. 

CRITICAL SKILL 1.10: Introducing 
Functions 

A C++ program is constructed from building blocks called functions. 
Although we will look at the function in detail in Module 5, a brief 
overview is useful now. Let’s begin by defining the term function: a 
function is a subroutine that contains one or more C++ statements. 

Each function has a name, and this name is used to call the function. To call 
a function, simply specify its name in the source code of your program, 
followed by parentheses. For example, assume some function named 
MyFunc. To call MyFunc, you would write 
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MyFuncQ; 


When a function is called, program control is transferred to that function, 
and the code contained within the function is executed. When the function’s 
code ends, control is transferred back to the caller. Thus, a function 
performs a task for other parts of a program. 

Some functions require one or more arguments, which you pass when the 
function is called. Thus, an argument is a value passed to a function. 
Arguments are specified between the opening and closing parentheses when 
a function is called. For example, if MyFunc( ) requires an integer 
argument, then the following calls MyFunc() with the value 2: 

MyFunc(2); 

When there are two or more arguments, they are separated by commas. In 
this book, the term argument list will refer to comma-separated arguments. 
Remember, not all functions require arguments. When no argument is 
needed, the parentheses are empty. 

A function can return a value to the calling code. Not all functions return 
values, but many do. The value returned by a function can be assigned to a 
variable in the calling code by placing the call to the function on the right 
side of an assignment statement. For example, if MyFunc( ) returned a 
value, it could be called as shown here: 

x = MyFunc(2); 

This statement works as follows. First, MyFunc( ) is called. When it 
returns, its return value is assigned to x. You can also use a call to a 
function in an expression. For example, 

x = MyFunc(2) + 10; 

In this case, the return value from MyFunc() is added to 10, and the result 
is assigned to x. In general, whenever a function’s name is encountered in a 
statement, it is automatically called so that its return value can be obtained. 

To review: an argument is a value passed into a function. A return value is 
data that is passed back to the calling code. 

Here is a short program that demonstrates how to call a function. It uses 



one of C++’s built-in functions, called abs(), to display the absolute value 
of a number. The abs( ) function takes one argument, converts it into its 
absolute value, and returns the result. 
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// Use the abfiO function. 


t inc 1 ude < i 03 1 rearci> 

# include <cntdlib> 
using namespace cstd; 

int main() 

{ 

int result; 
raul t - abs (-10) i + 
eout << result; 
return, 0 j 

} 


The calls the aM) function and 
q^igns its return vqlue to result 


Here, the value -10 is passed as an argument to abs(). The abs() function 
receives the argument with which it is called and returns its absolute value, 
which is 10 in this case. This value is assigned to result. Thus, the program 
displays “10” on the screen. 

Notice one other thing about the preceding program: it includes the header 
cstdlib. This is the header required by abs(). Whenever you use a built-in 
function, you must include its header. 



In general, there are two types of functions that will be used by your 
programs. The first type is written by you, and main() is an example of this 
type of function. Later, you will learn how to write other functions of your 
own. As you will see, real-world C++ programs contain many user-written 
functions. 

The second type of function is provided by the compiler. The abs( ) 
function used by the preceding program is an example. Programs that you 
write will generally contain a mix of functions that you create and those 
supplied by the compiler. 

When denoting functions in text, this book has used and will continue to 
use a convention that has become common when writing about C++. A 
function will have parentheses after its name. For example, if a function’s 
name is getval, then it will be written getval() when its name is used in a 
sentence. This notation will help you distinguish variable names from 
function names in this book. 

The C++ Libraries 

As just explained, abs() is provided with your C++ compiler. This function 
and many others are found in the standard library. We will be making use of 
library functions in the example programs throughout this book. 

C++ defines a large set of functions that are contained in the standard 
function library. These functions perform many commonly needed tasks, 
including I/O operations, mathematical computations, and 
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string handling. When you use a library function, the C++ compiler 
automatically links the object code for that function to the object code of 
your program. 

Because the C++ standard library is so large, it already contains many of 
the functions that you will need to use in your programs. The library 
functions act as building blocks that you simply assemble. You should 
explore your compiler’s library documentation. You may be surprised at 
how varied the library functions are. If you write a function that you will 
use again and again, it too can be stored in a library. 

In addition to providing library functions, every C++ compiler also contains 
a class library, which is an object-oriented library. However, you will need 
to wait until you learn about classes and objects before you can make use of 



What is a function? 


A function is called by using its name. 








True or false? 


What is the C++ standard function library? 


Answer Key: 


A function is a subroutine that contains one or more C++ 
statements. 

True. 

The C++ standard function library is a collection of 
functions supplied by all C++ compilers. 


CRITICAL SKILL 1.11: The C++ 
Keywords 


There are 63 keywords currently defined for Standard C++. These are 
shown in Table 1-1. Together with the formal C++ syntax, they form the 









C++ programming language. Also, early versions of C++ defined the 
overload keyword, but it is obsolete. Keep in mind that C++ is a case- 
sensitive language, and it requires that all keywords be in lowercase. 
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asm 

auto 

bool 

„■ X X "" V " 

break 

case 

catch. 

char 

class 

f 

const 

r" 

consLcast 

continue : 

default 

IV. 

delete > 

■.duJ.- . ...... 

do 

double 

dynamicjcdst 

else 

'/■ ' i 

enum 

.*■= ■. 

explicit 

export 

extern 

bf« 

float 

HT^ii 

.far u 


friend: 

i i 1 ri 

’ 1M J 

■■[■ ■■ ri a ■' 

goia. 


Inline 


long 

mutable 

namespace 

1 1 

;.y 

new 

qpMriafc 

private 

|ibMk) 

■ 1 , 1 , 

pubtic 

register 


return 

ikort 

signed 

stzeof: 

static 

|v P p 1 1 


j^Ccast 

jlrud 

switch 

template 

T? 

T 

thi*> 

■ 3--- -J 

throw 

&ue 

by 

lypecteF 

typeid 

lypename 

union 

.*" i 

unsigned 

using 

virtual 

void 


volatile 

i^T^i .... . « J . - ~ .-. 

tSdifaflt 

while 



Table 1-1 The C++ Ke) 
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CRITICAL SKILL 1.12: Identifiers 


In C++, an identifier is a name assigned to a function, variable, or any other 
user-defined item. Identifiers can be from one to several characters long. 
Variable names can start with any letter of the alphabet or an underscore. 
Next comes a letter, a digit, or an underscore. The underscore can be used 
to enhance the readability of a variable name, as in line_count. Uppercase 
and lowercase are seen as different; that is, to C++, myvar and MyVar are 
separate names. There is one important identifier restriction: you cannot use 
any of the C++ keywords as identifier names. In addition, predefined 
identifiers such as cout are also off limits. 


Here are some examples of valid identifiers: 


Test 

X 


Mcixlncr 

up 

_top 

tny_var 

$irnplelnterest23 


Remember, you cannot start an identifier with a digit. Thus, 980K is 
invalid. Good programming practice dictates that you use identifier names 
that reflect the meaning or usage of the items being named. 
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Which is the keyword, for, For, or FOR? 

A C++ identifier can contain what type of 
characters? 

Are index21 and Index21 the same 
identifier? 





Answer Key: 


The keyword is for. In C++, all keywords are in 
lowercase. 

A C++ identifier can contain letters, digits, and the 
underscore. 

No, C++ is case sensitive. 



It has been said that C++ sits at the center of the modern 
programming universe. Explain this statement. 

A C++ compiler produces object code that is directly executed 
by the computer. True or false? 

What are the three main principles of object-oriented 
programming? 

Where do C++ programs begin execution? 










What is a header? 


What is <iostream>? What does the following code do? 

#include <iostream> 

What is a namespace? 

What is a variable? 

Which of the following variable names is/are invalid? 
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count 


_count 

count27 

67count 

if 

How do you create a single-line comment? How do you create 
a multiline comment? 

Show the general form of the if statement. Show the general 
form of the for loop. 

How do you create a block of code? 

The moon’s gravity is about 17 percent that of Earth’s. Write a 
program that displays a table that shows Earth pounds and their 
equivalent moon weight. Have the table run from 1 to 100 
pounds. Output a newline every 25 pounds. 

A year on Jupiter (the time it takes for Jupiter to make one full 
circuit around the Sun) takes about 12 Earth years. Write a 
program that converts Jovian years to Earth years. Have the user 
specify the number of Jovian years. Allow fractional years. 

When a function is called, what happens to program control? 

Write a program that averages the absolute value of five values 
entered by the user. Display the result. 
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At the core of a programming language are its data types and operators. 
These elements define the limits of a language and determine the kind of 
tasks to which it can be applied. As you might expect, C++ supports a rich 
assortment of both data types and operators, making it suitable for a wide 
range of programming. Data types and operators are a large subject. We will 
begin here with an examination of C++’s foundational data types and its 
most commonly used operators. We will also take a closer look at variables 
and examine the expression. 
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Why Data Types Are Important 

The data type of a variable is important because it determines the operations 
that are allowed and the range of values that can be stored. C++ defines 
several types of data, and each type has unique characteristics. Because data 
types differ, all variables must be declared prior to their use, and a variable 
declaration always includes a type specifier. The compiler requires this 
information in order to generate correct code. In C++ there is no concept of 
a “type-less” variable. 

A second reason that data types are important to C++ programming is that 
several of the basic types are closely tied to the building blocks upon which 
the computer operates: bytes and words. Thus, C++ lets you operate on the 
same types of data as does the CPU itself. This is one of the ways that C++ 
enables you to write very efficient, system-level code. 

CRITICAL SKILL 2.1: The C++ Data 
Types 

C++ provides built-in data types that correspond to integers, characters, 
floating-point values, and Boolean values. These are the ways that data is 
commonly stored and manipulated by a program. As you will see later in 
this book, C++ allows you to construct more sophisticated types, such as 
classes, structures, and enumerations, but these too are ultimately composed 
of the built-in types. 

At the core of the C++ type system are the seven basic data types shown 
here: 


Type 

Meaning 

char 

Character 

wcharj 

Wide character 

ini 

Integer 

float 

Floating point 

double 

Double floating point 

bool 

Boolean 

void 

Valueless 
















C++ allows certain of the basic types to have modifiers preceding them. A 
modifier alters the meaning of the base type so that it more precisely fits the 
needs of various situations. The data type modifiers are listed here: 

signed 

unsigned 

long 

short 

The modifiers signed, unsigned, long, and short can be applied to int. The 
modifiers signed and unsigned can be applied to the char type. The type 
double can be modified by long. Table 2-1 shows all valid 
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combinations of the basic types and the type modifiers. The table also 
shows the guaranteed minimum range for each type as specified by the 


ANSI/ISO C++ standard. 


Type 

Minimal Range 

char 

-127io 127 

unsigned char 

0 to 255 

signed char 

“127io 127 

int 

-32,767 to 32,767 

unsigned int 

0 to 45,535 

signed Fnt 

Same as int 

short fnt 

-32,767 to 32,767 

unsigned short int 

0 to 65,535 

signed short int 

Some 0$ short ini 

long in! 

-2,147,483,647 to 2,147,483,647 

signed long int 

Same as tong ini 

unsigned long inf 

0 to 4,294.967,295 

Float 

IE-37 to IE+37 with six digits of precision 

double 

IE-37 to 1 E+37 p wilh ten dicpts of precision 

long double 

1E—37 to 1E+37, with ten di<jts of precision 

Table 2-1 Ail Numeric Data Types Defined by C++ and Their Minimum Guaranteed Ranges 


as Specified by the ANSI/ISO C++ Standard 





















It is important to understand that minimum ranges shown in Table 2-1 are 
just that: minimum ranges. A C++ compiler is free to exceed one or more of 
these minimums, and most compilers do. Thus, the ranges of the C++ data 
types are implementation dependent. For example, on computers that use 
two’s complement arithmetic (which is nearly all), an integer will have a 
range of at least -32,768 to 32,767. In all cases, however, the range of a 
short int will be a subrange of an int, which will be a subrange of a long int. 
The same applies to float, double, and long double. In this usage, the term 
subrange means a range narrower than or equal to. Thus, an int and long int 
can have the same range, but an int cannot be larger than a long int. 

Since C++ specifies only the minimum range a data type must support, you 
should check your compiler’s documentation for the actual ranges 
supported. For example, Table 2-2 shows typical bit widths and ranges for 
the C++ data types in a 32-bit environment, such as that used by Windows 
XP. 

Let’s now take a closer look at each data type. 
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Type 


char 


unsiqned char 


iiqned char 

■ -3 


Bit Width 


3 


B 

C . J i 


32 


32 


double 

.i™ h 7> ”• 


long double 


bod 


wchar t 


32 

i i ^ 


32 


64 


n/a 


16 




0 to-25S 





-2. 


r o 2,147 483.647 



-32/66 to 32/67 


-32/68 to32/67 





Table 2-2 Typical Bit Widths and Ranges fdfcm 


Sfne as signed int 


t int 

38 


^£3W*>1.8€+3QB 


2,2E~30ato 18E+3Q8 




Q to 65,535 


Z++ Dal#^fees in a 32-Sit Environment 






































Integers 

As you learned in Module 1, variables of type int hold integer quantities 
that do not require fractional components. Variables of this type are often 
used for controlling loops and conditional statements, and for counting. 
Because they don’t have fractional components, operations on int quantities 
are much faster than they are on floating-point types. 

Because integers are so important to programming, C++ defines several 
varieties. As shown in Table 2-1, there are short, regular, and long integers. 
Furthermore, there are signed and unsigned versions of each. A signed 
integer can hold both positive and negative values. By default, integers are 
signed. Thus, the use of signed on integers is redundant (but allowed) 
because the default declaration assumes a signed value. An unsigned 
integer can hold only positive values. To create an unsigned integer, use the 
unsigned modifier. 

The difference between signed and unsigned integers is in the way the high- 
order bit of the integer is interpreted. If a signed integer is specified, then 
the C++ compiler will generate code that assumes that the high-order bit of 
an integer is to be used as a sign flag. If the sign flag is 0, then the number 
is positive; if it is 1, then the number is negative. Negative numbers are 
almost always represented using 
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the two’s complement approach. In this method, all bits in the number 
(except the sign flag) are reversed, and then 1 is added to this number. 
Finally, the sign flag is set to 1. 

Signed integers are important for a great many algorithms, but they have 
only half the absolute magnitude of their unsigned relatives. For example, 
assuming a 16-bit integer, here is 32,767: 

0111111111111111 

For a signed value, if the high-order bit were set to 1, the number would 
then be interpreted as -1 (assuming the two’s complement format). 
However, if you declared this to be an unsigned int, then when the high- 
order bit was set to 1, the number would become 65,535. 

To understand the difference between the way that signed and unsigned 
integers are interpreted by 

C++, try this short program: 

#include <iostream> 

/* This program shows the difference between signed and unsigned 
integers. */ 

using namespace std; 

int main() 

{ 


j = 60000 ; «- 

i = 3 ; ^- 

cout « i << 


return 0; 


short int i; // a signed short integer short unsigned 
int j; // an unsigned short integer 

- 60.000 within the range of an unsigned 

-- ihort int bui is typically outside the 

of a signed short int. Thus, Ft will be 
interpreted as. a negative value when 
assigned \o i 


) 



The output from this program is shown here: 

-5536 60000 

These values are displayed because the bit pattern that represents 60,000 as 
a short unsigned integer is interpreted as -5,536 as short signed integer 
(assuming 16-bit short integers). 

C++ allows a shorthand notation for declaring unsigned, short, or long 
integers. You can simply use the word unsigned, short,or long, without the 
int.The int is implied. For example, the following two statements both 
declare unsigned integer variables: 

unsigned x; 

unsigned int y; 
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Characters 


Variables of type char hold 8-bit ASCII characters such as A, z, or G, or any 
other 8-bit quantity. To specify a character, you must enclose it between 
single quotes. Thus, this assigns X to the variable ch: 

char ch; 

ch = 'X'; 

You can output a char value using a cout statement. For example, this line 
outputs the value in ch: 

cout « "This is ch: " « ch; 

This results in the following output: 

This is ch: X 

The char type can be modified with signed or unsigned. Technically, 
whether char is signed or unsigned by default is implementation-defined. 
However, for most compilers char is signed. In these environments, the use 
of signed on char is also redundant. For the rest of this book, it will be 
assumed that chars are signed entities. 

The type char can hold values other than just the ASCII character set. It can 
also be used as a “small” integer with the range typically from -128 
through 127 and can be substituted for an int when the situation does not 
require larger numbers. For example, the following program uses a char 
variable to control the loop that prints the alphabet on the screen: 



// This program displays the alphabet. 


#include <±aetrearn> 
using namespAce std; 


int mainO 


char letter; 

U$e a variable 

to conltol a for loop 

I 

far (let ter - 'A p ; 

V 

letter p Z*j 

cout << letter; 



letter++) 


return 0; 

} 


The for loop works because the character A is represented inside the 
computer by the value 65, and the values for the letters A to Z are in 
sequential, ascending order. Thus, letter is initially set to ‘A’. Each time 
through the loop, letter is incremented. Thus, after the first iteration, letter is 
equal to ‘B’. 

The type wchar_t holds characters that are part of large character sets. As 
you may know, many human languages, such as Chinese, define a large 
number of characters, more than will fit within the 8 bits provided by the 
char type. The wchar_t type was added to C++ to accommodate this 
situation. While we 















won’t be making use of wchar_t in this book, it is something that you will 
want to look into if you are tailoring programs for the international market. 



What are the seven basic types? 

What is the difference between signed and 
unsigned integers? 

Can a char variable be used like a little 
integer? 









Answer Key: 


The seven basic types are char, wchar_t, int, float, 
double, bool, and void. 

A signed integer can hold both positive and negative 
values. An unsigned integer can hold only positive values. 

Yes. 






Ask the Expert 

Q: Why does C++ specify only minimum ranges for its built-in types 
rather than stating these precisely? 

A: By not specifying precise ranges, C++ allows each compiler to 

optimize the data types for the execution environment. This is part of the 

reason that C++ can create high-performance software. The ANSI/ISO C++ 
standard simply states that the built-in types must meet certain 
requirements. For example, it states that an int will “have the natural size 
suggested by the architecture of the execution environment.” Thus, in a 32- 
bit environment, an int will be 32 bits long. In a 16-bit environment, an int 
will be 16 bits long. It would be an inefficient and unnecessary burden to 
force a 16-bit compiler to implement int with a 32-bit range, for example. 
C++’s approach avoids this. Of course, the C++ standard does specify a 
minimum range for the built-in types that will be available in all 
environments. Thus, if you write your programs in such a way that these 
minimal ranges are not exceeded, then your program will be portable to 
other environments. One last point: Each C++ compiler specifies the range 



of the basic types in the header <climits>. 
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Floating-Point Types 

Variables of the types float and double are employed either when a 
fractional component is required or when your application requires very 
large or small numbers. The difference between a float and a double 
variable is the magnitude of the largest (and smallest) number that each one 
can hold. Typically, a double can store a number approximately ten times 
larger than a float. Of the two, double is the most commonly used. One 
reason for this is that many of the math functions in the C++ function 
library use double values. For example, the sqrt() function returns a double 
value that is the square root of its double argument. Here, sqrt() is used to 
compute the length of the hypotenuse given the lengths of the two opposing 
sides. 

/* 

Uee the Pythagorean theorem to find 
the length of the hypotenuse given 
the lengths of the two opposing sides. 

V 

#include <iostreaia> 

# include < cmath> ♦ - - The ^cmcfth> header a needed for the iqrt[) Function. 

using namespace std; 

int main(3 ( 

double X, y, 2; 

x - 5.0? 
y - 4.0? 

z ■ ogrt{x*:x + y*y) -!h* MjtK | function \% part oj C-H-'i math litrory. 

cout << "Hypotenuse is * <* z? 
return 0; 

} 



The output from the program is shown here: 

Hypotenuse is 6.40312 

One other point about the preceding example: Because sqrt() is part of the 
C++ standard function library, it requires the standard header <cmath>, 
which is included in the program. 

The long double type lets you work with very large or small numbers. It is 
most useful in scientific programs. For example, the long double type might 
be useful when analyzing astronomical data. 

The bool Type 

The bool type is a relatively recent addition to C++. It stores Boolean (that 
is, true/false) values. C++ defines two Boolean constants, true and false, 
which are the only two values that a bool value can have. Before 
continuing, it is important to understand how true and false are defined by 
C++. One of the fundamental concepts in C++ is that any nonzero value is 
interpreted as true and zero is false. This 
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concept is fully compatible with the bool data type because when used in a 
Boolean expression, C++ automatically converts any nonzero value into 
true. It automatically converts zero into false. The reverse is also true; when 
used in a non-Boolean expression, true is converted into 1, and false is 
converted into zero. The convertibility of zero and nonzero values into their 
Boolean equivalents is especially important when using control statements, 
as you will see in Module 3. Here is a program that demonstrates the bool 
type: 

Demonstrate bool values. #include <iostream> 

us ing name spac e s t d; 

int main() { 

bool by 

b * falser 

cout << H b is * « b « B \n*; 


b = true; 

cout << "b is " << b << *\n° ; 


// a bool value can control the if statement 
if(b) cout « "This is executed, .n" y - 

b ■ falser 

if(b) cout « "This is not executed.\n" 


A single bool value con 
control ::n if slcitement 


/ ■" outcome of a relational operator is a true/false value 
cout « "10 >9 is * « (10 > 9) « *\n m ; 


return 0; 


} 



The output generated by this program is shown here: 
b is 0 
b is 1 

This is executed. 

10 > 9 is 1 

There are three interesting things to notice about this program. First, as you 
can see, when a bool value is output using cout, 0 or 1 is displayed. As you 
will see later in this book, there is an output option that causes the words 
“false” and “true” to be displayed. 

Second, the value of a bool variable is sufficient, by itself, to control the if 
statement. There is no need to write an if statement like this: 



if(b == true)... 











Third, the outcome of a relational operator, such as <, is a Boolean value. 
This is why the expression 10 > 9 displays the value 1. Further, the extra set 
of parentheses around 10 > 9 is necessary because the « operator has a 
higher precedence than the >. 

void 

The void type specifies a valueless expression. This probably seems strange 



What is the primary difference between 
float and double? 

What values can a bool variable have? To 
what Boolean value does zero convert? 


What is void? 







Answer Key: 


The primary difference between float and double is in the 
magnitude of the values they can hold. 

Variables of type bool can be either true or false. Zero 
converts to false. 

void is a type that stands for valueless. 


Project 2-1 Talking to Mars 

At its closest point to Earth, Mars is approximately 34,000,000 miles away. 
Assuming there is someone on Mars that you want to talk with, what is the 
delay between the time a radio signal leaves Earth and the time it arrives on 
Mars? This project creates a program that answers this question. Recall that 
radio signals travel at the speed of light, approximately 186,000 miles per 
second. Thus, to compute the delay, you will need to divide the distance by 
the speed of light. Display the delay in terms of seconds and also in 







minutes. 


Step by Step 

Create a new file called Mars.cpp. 

To compute the delay, you will need to use floating-point 
values. Why? Because the time interval will have a fractional 
component. Here are the variables used by the program: 


double distance; 
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double lightspeed; 
double delay; 
double delay_in_min; 

Give distance and lightspeed initial values, as shown here: 

distance = 34000000.0; // 34,000,000 miles lightspeed 
= 186000.0; //186,000 per second 

To compute the delay, divide distance by lightspeed. This yields 
the delay in seconds. Assign this value to delay and display the 
results. These steps are shown here: 

delay = distance / lightspeed; 

cout « "Time delay when talking to Mars: " « delay 
« " secondsAn"; 

Divide the number of seconds in delay by 60 to obtain the delay 
in minutes; display that result using these lines of code: 

delay_in_min = delay / 60.0; 

Here is the entire Mars.cpp program listing: 

/* 

Project 2-1 Talking to Mars */ 

#include <iostream> using namespace std; 
int main() 

{ 


double distance; 
double lightspeed; 



double delay; 

double delay_in_min; 

distance = 34000000.0; // 34,000,000 
miles lightspeed = 186000.0; // 186,000 
per second 

delay = distance / lightspeed; 

coiit « "Time delay when talking to Mars: " « delay 
« "secondsAn"; 

delay_in_min = delay / 60.0; 

cout « "This is " « delay_in_min « " 
minutes."; 
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return 0; 


} 

Compile and run the program. The following result is 
displayed: 

Time delay when talking to Mars: 182.796 seconds. 
This is 3.04659 minutes. 


On your own, display the time delay that would occur in a 
bidirectional conversation with Mars. 


CRITICAL SKILL 2.2: Literals 


Literals refer to fixed, human-readable values that cannot be altered by the 
program. For example, the value 101 is an integer literal. Literals are also 
commonly referred to as constants. For the most part, literals and their 
usage are so intuitive that they have been used in one form or another by all 
the preceding sample programs. Now the time has come to explain them 
formally. 

C++ literals can be of any of the basic data types. The way each literal is 
represented depends upon its type. As explained earlier, character literals 
are enclosed between single quotes. For example, ‘a’ and ‘%’ are both 
character literals. 

Integer literals are specified as numbers without fractional components. For 
example, 10 and -100 are integer constants. Floating-point literals require 
the use of the decimal point followed by the number’s fractional 
component. For example, 11.123 is a floating-point constant. C++ also 
allows you to use scientific notation for floating-point numbers. 

All literal values have a data type, but this fact raises a question. As you 
know, there are several different types of integers, such as int, short int, and 
unsigned long int. There are also three different floating-point types: float, 
double, and long double. The question is: How does the compiler determine 
the type of a literal? For example, is 123.23 a float or a double? The answer 
to this question has two parts. First, the C++ compiler automatically makes 



certain assumptions about the type of a literal and, second, you can 
explicitly specify the type of a literal, if you like. 

By default, the C++ compiler fits an integer literal into the smallest 
compatible data type that will hold it, beginning with int. Therefore, 
assuming 16-bit integers, 10 is int by default, but 103,000 is long. Even 
though the value 10 could be fit into a char, the compiler will not do this 
because it means crossing type boundaries. 

By default, floating-point literals are assumed to be double. Thus, the value 
123.23 is of type double. 

For virtually all programs you will write as a beginner, the compiler 
defaults are perfectly adequate. In cases where the default assumption that 
C++ makes about a numeric literal is not what you want, C++ allows you to 
specify the exact type of numeric literal by using a suffix. For floating-point 
types, if you follow the number with an F, the number is treated as a float. If 
you follow it with an L, the number becomes a long double. For integer 
types, the U suffix stands for unsigned and the L for long. (Both the U and 
the L must be used to specify an unsigned long.) Some examples are shown 
here: 
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Data Type 

Examples <4 Constant* 

int 

f) '123 21000 -234. 

long W ■ 

35000 L -341' . 

unsigned \nt 

10000U 987U 400Q0U 

unsigned bng 

12323UL 900000UL 

Jbat 

I23.23F 434&-3F 

double 

2323 123J23.33 -0.9876324 

long double 

1001. 21. 


Hexadecimal and Octal Literals 

As you probably know, in programming it is sometimes easier to use a 
number system based on 8 or 16 instead of 10. The number system based 
on 8 is called octal, and it uses the digits 0 through 7. In octal, the number 
10 is the same as 8 in decimal. The base-16 number system is called 
hexadecimal and uses the digits 0 through 9 plus the letters A through F, 
which stand for 10, 11, 12, 13, 14, and 15. For example, the hexadecimal 
number 10 is 16 in decimal. Because of the frequency with which these two 
number systems are used, C++ allows you to specify integer literals in 
hexadecimal or octal instead of decimal. A hexadecimal literal must begin 
with Ox (a zero followed by an x). An octal literal begins with a zero. Here 
are some examples: 

hex = OxFF; // 255 in decimal 

oct = Oil; // 9 in decimal 


String Literals 



C++ supports one other type of literal in addition to those of the predefined 
data types: the string. A string is a set of characters enclosed by double 
quotes. For example, “this is a test” is a string. You have seen examples of 
strings in some of the cout statements in the preceding sample programs. 
Keep in mind one important fact: although C++ allows you to define string 
constants, it does not have a built-in string data type. Instead, as you will 
see a little later in this book, strings are supported in C++ as character 
arrays. (C++ does, however, provide a string type in its class library.) 


Ask the Expert 

Q! You showed how to specify a char literal. Is a wchar_t literal specified 
in the same way? 

A: No. A wide-character constant (that is, one that is of type wchar_t) is 
preceded with the character L. 

For example: 

wchar_t wc; 

wc = L'A'; 
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Here, wc is assigned the wide-character constant equivalent of A. You will 
not use wide characters often in your normal day-to-day programming, but 
they are something that might be of importance if you need to 
internationalize your program. 


Character Escape Sequences 

Enclosing character constants in single quotes works for most printing 
characters, but a few characters, such as the carriage return, pose a special 
problem when a text editor is used. In addition, certain other characters, 
such as the single and double quotes, have special meaning in C++, so you 
cannot use them directly. For these reasons, C++ provides the character 
escape sequences, sometimes referred to as backslash character constants, 
shown in Table 2-3, so that you can enter them into a program. As you can 
see, the \n that you have been using is one of the escape sequences. 



Code 

Meaning 

\b 

Backspace 

\f 

Farm Feed 

\n 

Newline 

\r 

Carriage return 

\r 

Horizontal tab 

V 

Double quote 

V 

Single quote character 

w 

Backslash 

\v 

VtfKool tab 

\o 

Alert 

\? 

9 

\N 

Octal constant (where N is. an octal constant) 

\xN 

Hexadecimal constant (where N is a hexadecimal constant] 

Table 2-3 The Character Escape Sequences 





























Ask the Expert 

Q: Is a string consisting of a single character the same as a character 
literal? For example, is “k” the same as ‘k’? 

A: No. You must not confuse strings with characters. A character literal 

represents a single letter of type char. A string containing only one letter is 
still a string. Although strings consist of characters, they are not the same 

type- 
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The following sample program illustrates a few of the escape sequences: 

// Demonstrate some escape sequences. 

#inc1ude <ioctream> 
using namespace ctd; 

int main () 

{ 

cout << *one\ttwo\tthreeVn"; 

cout << "12 3\b\b4 5"; ^-The \b\b will backspace over fhe 2 and 3. 

return 0; 

) 

The output is shown here: 

one two three 

145 


Here, the first cout statement uses tabs to position the words “two” and 
“three”. The second cout statement displays the characters 123. Next, two 
backspace characters are output, which deletes the 2 and 3. Finally, the 
characters 4 and 5 are displayed. 




By default, what is the type of the literal 
10? What is the type of the literal 10.0? 

How do you specify 100 as a long int? 
How do you specify 100 as an unsigned int? 

What is \b? 










Answer Key: 


10 is an int and 10.0 is a double. 

100 as a long int is 100L. 100 as an unsigned int is 100U. 
\b is the escape sequence that causes a backspace. 


CRITICAL SKILL 2.3: A Closer Look at 
Variables 

Variables were introduced in Module 1. Here we will take a closer look at 
them. As you learned, variables are declared using this form of statement: 
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type var-name; 


where type is the data type of the variable and var-name is its name. You 
can declare a variable of any valid type. When you create a variable, you 
are creating an instance of its type. Thus, the capabilities of a variable are 
determined by its type. For example, a variable of type bool stores Boolean 
values. It cannot be used to store floating-point values. Furthermore, the 
type of a variable cannot change during its lifetime. An int variable cannot 
turn into a double variable, for example. 

Initializing a Variable 

You can assign a value to a variable at the same time that it is declared. To 
do this, follow the variable’s name with an equal sign and the value being 
assigned. This is called a variable initialization. Its general form is shown 
here: 

type var = value; 

Here, value is the value that is given to var when var is created. 

Here are some examples: 

int count = 10; // give count an initial value of 10 char ch = 'X'; // initialize 
ch with the letter X float f = 1.2F; // f is initialized with 1.2 

When declaring two or more variables of the same type using a comma 
separated list, you can give one or more of those variables an initial value. 
For example, 

int a, b = 8, c = 19, d; // b and c have initializations In this case, only b and 
c are initialized. 

Dynamic Initialization 

Although the preceding examples have used only constants as initializers, 
C++ allows variables to be initialized dynamically, using any expression 
valid at the time the variable is declared. For example, here is a short 
program that computes the volume of a cylinder given the radius of its base 
and its height: 
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// Demonstrate dynamic initialisation. 


# include <iostream> 
using namespace etdj 

int main() { 

double radiuc * 4-Q, height - 5*0? 


// dynamically initialise volume 

double volume = 3,1416 * radius * radius * height? *1 

volume is dynamically 

cout << "’Volume is ■ << volume 1 ? initialized at run hme. 


return 0; 


> 


Here, three local variables—radius, height, and volume—are declared. The 
first two, radius and height, are initialized by constants. However, volume is 
initialized dynamically to the volume of the cylinder. The key point here is 
that the initialization expression can use any element valid at the time of the 
initialization, including calls to functions, other variables, or literals. 

Operators 

C++ provides a rich operator environment. An operator is a symbol that 
tells the compiler to perform a specific mathematical or logical 
manipulation. C++ has four general classes of operators: arithmetic, 



bitwise, relational, and logical. C++ also has several additional operators 
that handle certain special situations. This chapter will examine the 
arithmetic, relational, and logical operators. We will also examine the 
assignment operator. The bitwise and other special operators are examined 
later. 

CRITICAL SKILL 2.4: Arithmetic 
Operators 

C++ defines the following arithmetic operators: 


Operator 

Meaning 

+ 

Addition 


Subtraction (a! so unary minus) 

* 

Multiplication 

/ 

Division 

% 

Modulus 


hcrevnent 

r-i — 

Decrement 


The operators +, -, *, and / all work the same way in C++ as they do in 
algebra. These can be applied to any built-in numeric data type. They can 
also be applied to values of type char. 
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The % (modulus) operator yields the remainder of an integer division. 
Recall that when / is applied to an integer, any remainder will be truncated; 
for example, 10/3 will equal 3 in integer division. You can obtain the 
remainder of this division by using the % operator. For example, 10 % 3 is 
1. In C++, the % can be applied only to integer operands; it cannot be 
applied to floating-point types. 

The following program demonstrates the modulus operator: 

// Demonstrate the modulus operator. 

#include <iostream> 
using namespace std; 
int main() 

{ 


int x, y; 
x= 10; 
y = 3; 

cout « x « " / " « y « " is " « x / y « 

with a remainder of " 
« x % y « "\n"; 



cout « x « " / " « y « " is " « x / y « "\n" 
« x « " % " « y « " is " « x % y; 

return 0; 


} 

The output is shown here: 



10 / 3 is 3 with a remainder of 1 


1 / 2 is 0 
1 % 2 is 1 


Increment and Decrement 

Introduced in Module 1, the ++ and the - - are the increment and 
decrement operators. They have some special properties that make them 
quite interesting. Let’s begin by reviewing precisely what the increment and 
decrement operators do. 

The increment operator adds 1 to its operand, and the decrement operator 
subtracts 1. Therefore, 

x = x + 1; 

is the same as 

x++; 
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and 


x = x -1; 
is the same as 
-x; 

Both the increment and decrement operators can either precede (prefix) or 
follow (postfix) the operand. For example, 

x = x + 1; 

can be written as 

++x; // prefix form 

or as 

x++; // postfix form 

In this example, there is no difference whether the increment is applied as a 
prefix or a postfix. However, when an increment or decrement is used as 
part of a larger expression, there is an important difference. When an 
increment or decrement operator precedes its operand, C++ will perform 
the operation prior to obtaining the operand’s value for use by the rest of the 
expression. If the operator follows its operand, then C++ will obtain the 
operand’s value before incrementing or decrementing it. Consider the 
following: 


x = 10; y = ++x; 


In this case, y will be set to 11. However, if the code is written as 


x = 10; y = x++; 


then y will be set to 10. In both cases, x is still set to 11; the difference is 
when it happens. There are significant advantages in being able to control 
when the increment or decrement operation takes place. 

The precedence of the arithmetic operators is shown here: 



Highest 

++■ — - 


- (unary rninu*] 


* / % 

Lowest 

+ — 


Operators on the same precedence level are evaluated by the compiler from 
left to right. Of course, parentheses may be used to alter the order of 
evaluation. Parentheses are treated by C++ in the same way that they are by 
virtually all other computer languages: they force an operation, or a set of 
operations, to have a higher precedence level. 


19 





















Ask the Expert 

Q: 

A: 

Does the increment operator ++ have anything to do with the name C++? 

Yes! As you know, C++ is built upon the C language. C++ adds to C several 
enhancements, most of 

which support object-oriented programming. Thus, C++ represents an 
incremental improvement to C, and the addition of the ++ (which is, of 
course, the increment operator) to the name C is a fitting way to describe 
C++. 

Stroustrup initially named C++ “C with Classes,” but at the suggestion of 
Rick Mascitti, he later changed the name to C++. While the new language 
was already destined for success, the adoption of the name C++ virtually 
guaranteed its place in history because it was a name that every C 
programmer would instantly recognize! 




CRITICAL SKILL 2.5: Relational and 
Logical Operators 

In the terms relational operator and logical operator, relational refers to the 
relationships that values can have with one another, and logical refers to the 
ways in which true and false values can be connected together. Since the 
relational operators produce true or false results, they often work with the 
logical operators. For this reason, they will be discussed together here. 

The relational and logical operators are shown in Table 2-4. Notice that in 
C++, not equal to is represented by != and equal to is represented by the 
double equal sign, ==. In C++, the outcome of a relational or logical 
expression produces a bool result. That is, the outcome of a relational or 
logical expression is either true or false. 

NOTE: For older compilers, the outcome of a relational or logical 
expression will be an integer value of either 0 or 1. This difference is 
mostly academic, though, because C++ automatically converts true into 1 
and false into 0, and vice versa as explained earlier. 

The operands for a relational operator can be of nearly any type as long as 
they can be meaningfully compared. The operands to the logical operators 
must produce a true or false result. Since any nonzero value is true and zero 
is false, this means that the logical operators can be used with any 
expression that evaluates to a zero or nonzero result. Thus, any expression 
other than one that has a void result can be used. 
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the basic logical operations AND, 
truth table: 













p 

q 

p AND q 

p OR q 

NOT p 

False 

Fake 

Fdse 

False 

True 

Falw 

True 

False 

True 

True 

True 

True 

True 

True 

Fake 

True 

Fake 

False 

True 

False 


Here is a program that demonstrates several of the relational and logical 
operators: 

// Demonstrate the relational and logical operators. 

#include <iostream> 
using namespace std; 
int main() 

{ 

int i, j; 
bool bl, b2; 
i = 10; 

j = ii; 

if(i < j) cout « "i < j\n"; 
if(i <= j) cout« "i <= j\n"; 
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if(i != j) coiit « "i != j\n"; 


if(i == j) coiit « "this won't execute\n"; if(i >= j) 
cout « "this won't execute\n"; if(i > j) cout « 
"this won't execute\n"; 

bl = true; 

b2 = false; 

if(bl && b2) cout « "this won't execute\n"; if(! 
(bl && b2)) cout « "!(bl && b2) is true\n"; if(bl 
|| b2) cout « "bl || b2 is true\n"; 

return 0; 


} 

The output from the program is shown here: 

i<j 

i<=j 

i!=j 

!(bl && b2) is true 
bl || b2 is true 

Both the relational and logical operators are lower in precedence than the 
arithmetic operators. This means that an expression like 10 > 1+12 is 
evaluated as if it were written 10 > (1+12). The result is, of course, false. 

You can link any number of relational operations together using logical 
operators. For example, this expression joins three relational operations: 

var > 15 || !(10 < count) && 3 <= item 


The following table shows the relative precedence of the relational and 
logical operators: 



Highest 

! 


> >= < <= 


== j= 


&& 

Lowest 

n 


Project 2-2 Construct an XOR Logical 
Operation 

C++ does not define a logical operator that performs an exclusive-OR 
operation,usually referred to as XOR. The XOR is a binary operation that 
yields true when one and only one operand is true. It has this truth table: 
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p 

q 

p XOR q 

False 

False 


i , 

False 

True 

True 

r ' 1 11 " 

True 

False 

True 

True 

True 

Friffse 


Some programmers have called the omission of the XOR a flaw. Others 
argue that the absence of the XOR logical operator is simply part of C++’s 
streamlined design, which avoids redundant features. They point out that it 
is easy to create an XOR logical operation using the three logical operators 
that C++ does provide. 

In this project, you will construct an XOR operation using the &&, ||, and ! 
operators. You can decide for yourself if the omission of an XOR logical 
operator is a design flaw or an elegant feature! 

Step by Step 

Create a new file called XOR.cpp. 

Assuming two Boolean values, p and q, a logical XOR is 
constructed like this: 

(p || q) && !(p && q) 

Let’s go through this carefully. First, p is ORed with q. 
If this result is true, then at least one of the operands is 
true. Next, p is ANDed with q. This result is true if both 
operands are true. This result is then inverted using the 
NOT operator. Thus, the outcome of !(p && q) will be 
true when either p, q, or both are false. Finally, this 
result is ANDed with the result of (p || q). Thus, the 



entire expression will be true when one but not both 
operands is true. 


Here is the entire XOR.cpp program listing. It demonstrates the 
XOR operation for all four possible combinations of true/false 
values. 


/* 

Project 2-2 

Create an XOR using the C++ logical 
operators. 

*/ 

#include <iostream> #include <cmath> using 
namespace std; 

int main() 

{ 


bool p, q; 
p = true; 
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q = true; 


cout « p « " XOR " « q « " is " « 
((p || q) && !(p && q)) « "\n"; 

p = false; 

q = true; 

cout « p « " XOR " « q « " is " « 
((p || q) && !(p && q)) « "\n"; 

p = true; 

q = false; 

cout « p « " XOR " « q « " is " « 
((p || q) && !(p && q)) « "\n"; 

p = false; 

q = false; 

cout « p « " XOR " « q « " is " « 
((p || q) && !(p && q)) « "\n"; 

return 0; 


} 


Compile and run the program. The following output is 
produced: 


1 XOR 1 is 0 
0 XOR 1 is 1 
1 XOR 0 is 1 


0 XOR 0 is 0 



Notice the outer parentheses surrounding the XOR operation 
inside the cout statements. They are necessary because of the 
precedence of C++’s operators. The « operator is higher in 
precedence than the logical operators. To prove this, try removing 
the outer parentheses, and then attempt to compile the program. 
As you will see, an error will be reported. 


l Progress Check 


1. What does the % operator do? To what types can it 
be applied? 
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How do you declare an int variable called 
index with an initial value of 10? 

Of what type is the outcome of a relational 
or logical expression? 


Answer Key: 


The % is the modulus operator, which returns the 
remainder of an integer division. It can be applied to integer 
types. 

int index =10; 

The result of a relational or logical expression is of type 

bool. 





CRITICAL SKILL 2.6: The Assignment 
Operator 

You have been using the assignment operator since Module 1. Now it is 
time to take a formal look at it. The assignment operator is the single equal 
sign, =. The assignment operator works in C++ much as it does in any other 
computer language. It has this general form: 

var = expression; 

Here, the value of the expression is given to var. The assignment operator 
does have one interesting attribute: it allows you to create a chain of 
assignments. For example, consider this fragment: 

int x, y, z; 

x = y = z= 100; // set x, y, and z to 100 

This fragment sets the variables x, y,and z to 100 using a single statement. 
This works because the = is an operator that yields the value of the right- 
hand expression. Thus, the value of z = 100 is 100, which is then assigned 
to y, which in turn is assigned to x. Using a “chain of assignment” is an 
easy way to set a group of variables to a common value. 

CRITICAL SKILL 2.7: Compound 
Assignments 

C++ provides special compound assignment operators that simplify the 
coding of certain assignment statements. Let’s begin with an example. The 
assignment statement shown here: 

x = x + 10; 

can be written using a compound assignment as 





X += 10; 

The operator pair += tells the compiler to assign to x the value of x plus 10. 
Here is another example. The statement 

x = x -100; 
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is the same as 


x -= 100; 

Both statements assign to x the value of x minus 100. There are compound 
assignment operators for most of the binary operators (that is, those that 
require two operands). Thus, statements of the form 

var = var op expression; 

can be converted into this compound form: 

var op = expression; 

Because the compound assignment statements are shorter than their 
noncompound equivalents, the compound assignment operators are also 
sometimes called the shorthand assignment operators. 

The compound assignment operators provide two benefits. First, they are 
more compact than their “longhand” equivalents. Second, they can result in 
more efficient executable code (because the operand is evaluated only 
once). For these reasons, you will often see the compound assignment 
operators used in professionally written C++ programs. 


CRITICAL SKILL 2.8: Type Conversion 
in Assignments 

When variables of one type are mixed with variables of another type, a type 
conversion will occur. In an assignment statement, the type conversion rule 
is easy: The value of the right side (expression side) of the assignment is 
converted to the type of the left side (target variable), as illustrated here: 

int x; 

char ch; 

float f; 


ch = x; /* line 1 */ 


x = f; /* line 2 */ 



f = ch; /* line 3 */ 
f = x; /* line 4 */ 

In line 1, the high-order bits of the integer variable x are lopped off, leaving 
ch with the lower 8 bits. If x were between -128 and 127, ch and x would 
have identical values. Otherwise, the value of ch would reflect only the 
lower-order bits of x. In line 2, x will receive the nonfractional part of f. In 
line 3, f will convert the 8-bit integer value stored in ch to the same value in 
the floating-point format. This also happens in line 4, except that f will 
convert an integer value into floating-point format. 

When converting from integers to characters and long integers to integers, 
the appropriate number of high-order bits will be removed. In many 32-bit 
environments, this means that 24 bits will be lost when going from an 
integer to a character, and 16 bits will be lost when going from an integer to 
a short integer. When converting from a floating-point type to an integer, 
the fractional part will be lost. If the target type is not large enough to store 
the result, then a garbage value will result. 
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A word of caution: Although C++ automatically converts any built-in type 
into another, the results won’t always be what you want. Be careful when 
mixing types in an expression. 

Expressions 

Operators, variables, and literals are constituents of expressions. You might 
already know the general form of an expression from other programming 
experience or from algebra. However, a few aspects of expressions will be 
discussed now. 


CRITICAL SKILL 2.9: Type Conversion 
in Expressions 

When constants and variables of different types are mixed in an expression, 
they are converted to the same type. First, all char and short int values are 
automatically elevated to int. This process is called integral promotion. 
Next, all operands are converted “up” to the type of the largest operand, 
which is called type promotion. The promotion is done on an operation- 
byoperation basis. For example, if one operand is an int and the other a long 
int, then the int is promoted to long int. Or, if either operand is a double, the 
other operand is promoted to double. This means that conversions such as 
that from a char to a double are perfectly valid. Once a conversion has been 
applied, each pair of operands will be of the same type, and the result of 
each operation will be the same as the type of both operands. 

Converting to and from bool 

As mentioned earlier, values of type bool are automatically converted into 
the integers 0 or 1 when used in an integer expression. When an integer 
result is converted to type bool, 0 becomes false and nonzero becomes true. 
Although bool is a fairly recent addition to C++, the automatic conversions 
to and from integers mean that it has virtually no impact on older code. 
Furthermore, the automatic conversions allow C++ to maintain its original 
definition of true and false as zero and nonzero. 


CRITICAL SKILL 2.10: Casts 



It is possible to force an expression to be of a specific type by using a 
construct called a cast. A cast is an explicit type conversion. C++ defines 
five types of casts. Four allow detailed and sophisticated control over 
casting and are described later in this book after objects have been 
explained. However, there is one type of cast that you can use now. It is 
C++’s most general cast because it can transform any type into any other 
type. It was also the only type of cast that early versions of C++ supported. 
The general form of this cast is 

(type) expression 

where type is the target type into which you want to convert the expression. 
For example, if you wish to make sure the expression x/2 is evaluated to 
type float, you can write 

(float) x/2 

Casts are considered operators. As an operator, a cast is unary and has the 
same precedence as any other unary operator. 
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There are times when a cast can be very useful. For example, you may wish 
to use an integer for loop control, but also perform computation on it that 
requires a fractional part, as in the program shown here: 

// Demonstrate a cast, 

$ include <icstream> 
using namespace s td ; 


int main () { 
int i ; 

for fi=l; i <= 10? + + i ) 
cout << i « */ 2 is: 


The oast to float causes a fractional 
component to be displayed. 

1 

« i float) i / 2 « '\n' 


return 0 ■ 

} 


Here is the output from this program: 
1/ 2 is: 0.5 
2/ 2 is: 1 
3/ 2 is: 1.5 


4/ 2 is: 2 



5/ 2 is: 2.5 


6/ 2 is: 3 
7/ 2 is: 3.5 
8/ 2 is: 4 
9/ 2 is: 4.5 
10/ 2 is: 5 

Without the cast (float) in this example, only an integer division would be 
performed. The cast ensures that the fractional part of the answer will be 
displayed. 

CRITICAL SKILL 2.11: Spacing and 
Parentheses 

An expression in C++ can have tabs and spaces in it to make it more 
readable. For example, the following two expressions are the same, but the 
second is easier to read: 

x=10/y*(127/x); 

x = 10 / y * (127/x); 

Parentheses increase the precedence of the operations contained within 
them, just like in algebra. Use of redundant or additional parentheses will 
not cause errors or slow down the execution of the expression. You are 
encouraged to use parentheses to make clear the exact order of evaluation, 
both for yourself and for others who may have to figure out your program 
later. For example, which of the following two expressions is easier to read? 
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x = y/3-34*temp+127; 
x = (y/3) - (34*temp) + 127; 


Project 2-3 Compute the Regular 
Payments on a Loan 


In this project, you will create a program that computes the regular 
payments on a loan, such as a car loan. Given the principal, the length of 
time, number of payments per year, and the interest rate, the program will 
compute the payment. Since this is a financial calculation, you will need to 
use floating-point data types for the computations. Since double is the most 
commonly used floating-point type, we will use it in this project. This 
project also demonstrates another C++ library function: pow(). 


To compute the payments, you will use the following formula: 


Payment = 


] n t Rate * (Prineiiial /' Pay Per Year) 


1 — {(IntRate / PayPerYear) ^ 1) 


PjvferYoi! * Muat'cwfl 


where IntRate specifies the interest rate, Principal contains the starting 
balance, PayPerYear specifies the number of payments per year, and 
NumYears specifies the length of the loan in years. 

Notice that in the denominator of the formula, you must raise one value to 
the power of another. To do this, you will use pow(). Here is how you will 
call it: 

result = pow(base, exp); 

pow() returns the value of base raised to the exp power. The arguments to 




pow() are double values, and pow() returns a value of type double. 

Step by Step 


Create a new file called RegPay.cpp. 

Here are the variables that will be used by the program: 

double Principal; // original principal 

double IntRate; // interest rate, such as 0.075 double 
PayPerYear; // number of payments per year double 
NumYears; // number of years 

double Payment; // the regular payment 

double numer, denom; // temporary work variables 
double b, e; // base and exponent for call to pow() 

Notice how each variable declaration is followed by a 
comment that describes its use. This helps anyone 
reading your program understand the purpose of each 
variable. Although we won’t include 
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such detailed comments for most of the short programs 
in this book, it is a good practice to follow as your 
programs become longer and more complicated. 

Add the following lines of code, which input the loan 
information: 

cout « "Enter principal: cin » Principal; 

cout « "Enter interest rate (i.e., 0.075): cin » 

IntRate; 

cout « "Enter number of payments per year: cin » 
PayPerYear; 

cout « "Enter number of years: cin » NumYears; 

Add the lines that perform the financial calculation: 

numer = IntRate * Principal / PayPerYear; 

e = -(PayPerYear * NumYears); b = (IntRate / 
PayPerYear) + 1; denom = 1 - pow(b, e); Payment = 
numer / denom; 

Finish the program by outputting the regular payment, as 
shown here: cout « "Payment is " « Payment; 

Here is the entire RegPay.cpp program listing: 


/* 

Project 2-3 

Compute the regular payments for a 
loan. Call this file RegPay.cpp 

*/ 


#include 


<iostream> #include <cmath> 


using 



namespace std; 


int main() { 


double Principal; // original principal 


double IntRate; // interest rate, such as 
0.075 double PayPerYear; // number of 
payments per year double NumYears; // 
number of years 
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double Payment; // the regular payment 


double numer, denom; // temporary work 
variables double b, e; // base and 
exponent for call to pow() 

cout « "Enter principal: 

cin » Principal; 

cout « "Enter interest rate (i.e., 0.075): 
"; cin »IntRate; 

cout « "Enter number of payments per 
year:"; cin » PayPerYear; 

cout « "Enter number of years:"; 

cin » NumYears; 

numer = IntRate * Principal / 
PayPerYear; 

e = -(PayPerYear * NumYears); 
b = (IntRate / PayPerYear) + 1; 
denom = 1 - pow(b, e); 

Payment = numer / denom; 
cout « "Payment is " « Payment; 
return 0; 


} 

Here is a sample run: 

Enter principal: 10000 

Enter interest rate (i.e., 0.075): 0.075 

Enter number of payments per year: 12 



Enter number of years: 5 
Payment is 200.379 


On your own, have the program display the total amount of 
interest paid over the life of the loan. 


What type of integers are supported by C++? 



By default, what type is 12.2? 

Module 2 Mastery Check 
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What values can a bool variable have? 


What is the long integer data type? 

What escape sequence produces a tab? What escape sequence 
rings the bell? 

A string is surrounded by double quotes. True or false? 

What are the hexadecimal digits? 

Show the general form for initializing a variable when it is 
declared. 

What does the % do? Can it be used on floating-point values? 

Explain the difference between the prefix and postfix forms of 
the increment operator. 

Which of the following are logical operators in C++? 

&& 

## 

$$ 

i 


How can 


x = x + 12; 
be rewritten? 


What is a cast? 



Write a program that finds all of the prime numbers between 1 
and 100. 
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CRITICAL SKILL 6.5: Returning 
References 


A function can return a reference. In C++ programming, there are several 
uses for reference return values. Some of these uses must wait until later in 
this book. However, there are some that you can use now. 

When a function returns a reference, it returns an implicit pointer to its 
return value. This gives rise to a rather startling possibility: the function can 
be used on the left side of an assignment statement! For example, consider 
this simple program: 

// Returning a reference. 

ft include «io£fcream> 
using namespace $ td; 


double StfU; // return a reference, 
double val = 100*0; 


#-- Here, F( } returns a 

reference to o double. 


int main() 

C 


double xt 


cout « f f) << 1 \n." ; // display val's value 

x = f()? // assign value of val to x 
cout << x << '\n'? // display x*s value 

f O = 99.1; // change val 1 s value 

cout << E[) <* 1 \n h ; // display val's new value 

return 0; 

} 

// This function returns a reference to a double, 
double fcf() 

( 

return val; // return reference to val * 


) 


This returns p reference to 
the global variable val. 
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The output of this program is shown here: 



100 
99 .1 


Let’s examine this program closely. At the beginning, f( ) is declared as 
returning a reference to a double, and the global variable val is initialized to 
100. In main(), the following statement displays the original value of val: 

COllt << fo << '\n'; // display val's value 

When f() is called, it returns a reference to val using this return statement: 

return val; // return reference to val 

This statement automatically returns a reference to val rather than val’s 
value. This reference is then used by the cout statement to display val’s 
value. 

In the line 

x = f(); // assign value of val to x 

the reference to val returned by f() assigns the value of val to x. The most 
interesting line in the program is shown here: 

f() = 99.1 ; // change val's value 

This statement causes the value of val to be changed to 99.1. Here is why: 
since f() returns a reference to val, this reference becomes the target of the 
assignment statement. Thus, the value of 99.1 is assigned to val indirectly, 
through the reference to it returned by f(). 

Here is another sample program that uses a reference return type: 
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■ i a r ^_r | f aj *. 

f-f Return a reference to an army element> 


<ioGtream> 
std; 


double &change_it(int i) £ ^ M^um a reference 


Hf' 1 SV.S-f 3*3* 4*4,. 5 ; *3 fj 


int niaintJ 

” r ■ -JI . t ? r,.T . ii 

i 

int it 


'Here are the original val^p^ ■$ 


i < Sf . v . 

cotti- ■*£< voifl|i] ■«££ -* 
cout « p \n r ■;■ 


* 

F 


ehange_it(l) = 5293.23; // change 2*BI 

£ i in i s“ jj ® 11 l ■ ' a "| i 

= *“98 .* 8$ // change 4th element 




'Here are the changed 1 

*y * 5? ■i ! ++) 


Jjf- ”'i 


gout « vals[iJ « 
cout <«> ’Vn'; 


* t -V 

r 


ttffeirn 


it 


double 

C 

return 


« 

.1 


■•»■ -rf- 

*■ 



ff return a reference to the ith element 




This program changes the values of the second and fourth elements in the 
vals array. The program displays the following output: 

Here are the original values: 1.1 2.2 3.3 4.4 5.5 
Here are the changed values: 1.1 5298.23 3.3 -98.8 5.5 

Let’s see how this is accomplished. 

The change_it( ) function is declared as returning a reference to a double. 
Specifically, it returns a reference to the element of vals that is specified by 
its parameter i. The reference returned by change_it() is then used in main( 
) to assign a value to that element. 

When returning a reference, be careful that the object being referred to does 
not go out of scope. For example, consider this function: 


11 














ft Error, cannot return reference to local var; 
itit tf () ’ 

inf;- 4, = -10| 

Errori -1 w|l go cwtof-scope 
J when {() returns 


In f(), the local variable i will go out of scope when the function returns. 
Therefore, the reference to i returned by f( ) will be undefined. Actually, 
some compilers will not compile f( ) as written for precisely this reason. 
However, this type of problem can be created indirectly, so be careful which 
object you return a reference to. 
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This module discusses three features of C++ that directly relate to object- 
oriented programming: inheritance, virtual functions, and polymorphism. 
Inheritance is the feature that allows one class to inherit the characteristics 
of another. Using inheritance, you can create a general class that defines 
traits common to a set of related items. This class can then be inherited by 





other, more specific classes, each adding those things that are unique to it. 
Built on the foundation of inheritance is the virtual function. The virtual 
function supports polymorphism, the “one interface, multiple methods” 
philosophy of object-oriented programming. 
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CRITICAL SKILL 10.1: Inheritance 
Fundamentals 


In the language of C++, a class that is inherited is called a base class. The 
class that does the inheriting is called a derived class. Therefore, a derived 
class is a specialized version of a base class. A derived class inherits all of 
the members defined by the base class and adds its own, unique elements. 

C++ implements inheritance by allowing one class to incorporate another 
class into its declaration. This is done by specifying a base class when a 
derived class is declared. Let’s begin with a short example that illustrates 
several of the key features of inheritance. The following program creates a 
base class called TwoDShape that stores the width and height of a two- 
dimensional object, and a derived class called Triangle. Pay close attention 
to the way that Triangle is declared. 



fjh simple class hierarchy. 


#include <iostream> 
ttinclude <cstring> 
using namespace std; 

// A class for two-dimensional objects. 

class TwoDShape ( 

publics 

double width; 
double height; 


) 


void showDim f) { 

cout « '"Width and height are " << 
width « * and * « height 


I 


<< 



// Triangle is derived from TwoDShape* 

class Triangle : public TwoDShape { *- Triangle inherits IwoDShape 

pub lie: Notice ihe syntax. 

char style[201; 


double area{) | 

return width * height / 2; «-- Triangle can refer to (he 

j members of TwoDShape os 

if they were part of Triangle 

void showStyleU { 

cout « -Triangle is ■ « style « h \n - ; 

1 


a* 

r 
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ttL^ipidth = +- 

lihr 1 ij T pj a " • “ ’ "■ ■ •"*- || 1 

ti ,bright = 4.0; 

i i » .'j . w ' ■ i ~ i■ 


u 1 tt<piceles"3 ; 


All member of Triangle- are 
available to Triangle object, even 
ihoje inherited IVofnTwoDShape. 


t2*widt h * 8„ 0; 

^height * 12.0i 

Atersijyyrl.^ ^right^l j- 

cogfc <<; *XnfG tfer ‘tl: Vn n ; 
abowSty Is (} # 

} 7 - 

oouub, « -Aas»a ^ « fci-a.reafi) « "^n 11 ; 


<:<; 

: aout■■ *■< "Info for 

r -i'. ! “ ■ „■■ f* ' ■ mi M- 1- .1 ■■ ' ■» 'll 

b j v*h;c>yStyX © (j £ 

£2 . shaiiDini() ; 

ferbufc << 71 Area is * « fcS-are&O <*= *\it* *: 


return 0; 


£ 


l Ik- nistputfioni this program is shown here: 

:■ ^ ■> 1 ■ ! - ■ ■■ ■ ■:■■ :■ — * 1 Stir. >■. . . .*■ -%r l i ■ . . v 


33 |fiSL for' -'Ipfea 

rtidt£h Bitd hergfhfc ie*;;4 
Area is S 


Info for f 2 t 

m . J. i«F ■■ 1 ' “ ■*' T 1 BiP 

^riangle;:is right 
WidfcSi and height are B and^'is 
is 48 




Here, TwoDShape defines the attributes of a “generic” two-dimensional 
shape, such as a square, rectangle, triangle, and so on. The Triangle class 
creates a specific type of TwoDShape,inthis case, a triangle. The Triangle 
class includes all of TwoDShape and adds the field style,the function area( 
), and the function showStyle( ). A description of the type of triangle is 
stored in style, area( ) computes and returns the area of the triangle, and 
showStyle() displays the triangle style. 

The following line shows how Triangle inherits TwoDShape: 

class Triangle : public TwoDShape { 

Here, TwoDShape is a base class that is inherited by Triangle, which is a 
derived class. As this example shows, the syntax for inheriting a class is 
remarkably simple and easy-to-use. 



3 













Because Triangle includes all of the members of its base class, 
TwoDShape, it can access width and height inside area( ). Also, inside 
main( ), objects tl and t2 can refer to width and height directly, as if they 
were part of Triangle. Figure 10-1 depicts conceptually how TwoDShape is 
incorporated into Triangle. 

One other point: Even though TwoDShape is a base for Triangle, it is also a 
completely independent, stand-alone class. Being a base class for a derived 
class does not mean that the base class cannot be used by itself. 

The general form for inheritance is shown here: 

class derived-class : access base-class { // body of derived class } 

Here, access is optional. However, if present, it must be public, private, or 
protected. You will learn more about these options later in this module. For 
now, all inherited classes will use public. Using public means that all the 
public members of the base class will also be public members of the 
derived class. 


TwoDSJioae 4 


Figure 10-1 A conceptual depiction of [fie Triangle class 


width 


hdighl 


ibwDim)] 


** 


or™*|] 



J 


Tfiarglt! 


A major advantage of inheritance is that once you have created a base class 
that defines the attributes common to a set of objects, it can be used to 
create any number of more specific derived classes. Each derived class can 
precisely tailor its own classification. For example, here is another class 
derived from TwoDShape that encapsulates rectangles: 












// A derived class of TwoDShape for rectangles, 
class Rectangle ; public TwoDShape { 
public: 

bool isSquare() { 

if(width == height) return true; 
return false; 

> 

double area() { 

return width * height; 

) 

}; 


The Rectangle class includes TwoDShape and adds the functions isSquare( 
), which determines if the rectangle is square, and area(), which computes 
the area of a rectangle. 
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Member Access and Inheritance 


As you learned in Module 8, members of a class are often declared as 
private to prevent their unauthorized use or tampering. Inheriting a class 
does not overrule the private access restriction. Thus, even though a derived 
class includes all of the members of its base class, it cannot access those 
members of the base class that are private. For example, if width and height 
are made private in TwoDShape, as shown here, then Triangle will not be 
able to access them. 

// Access to private members is not granted to derived classes* 


class TwoDShape ( 

// these are now private 

double width; -4--— width and height are now private. 

double height; 
public? 

void showDimU t 

cout << "Width and height are n << 

width << w and " << height << "\n"; 

) 

}; 

// Triangle is derived from TwoDShape. 
class Triangle : public TwoDShape f 
publit: 

char style{20 Jr 


double area{) { 

return width * height 

1 

void showStyle() ( 

cout << "Triangle is 

1 


/ 2; // Error! Can't access.-# 


Canl access private members 
of a bow ckm, 


« style «. m \n m ; 



The Triangle class will not compile because the reference to width and 
height inside the area( ) function causes an access violation. Since width 
and height are now private, they are accessible only by other members of 
their own class. Derived classes have no access to them. 

At first, you might think that it is a serious restriction that derived classes 
do not have access to the private members of base classes, because it would 
prevent the use of private members in many situations. Fortunately, this is 
not the case, because C++ provides various solutions. One is to use 
protected members, which is described in the next section. A second is to 
use public functions to provide access to private data. As you have seen in 
the preceding modules, C++ programmers typically grant access to the 
private members of a class through functions. Functions that provide access 
to private data are called accessor functions. Here is a rewrite of the 
TwoDShape class that adds accessor functions for width and height: 
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// Access priwte data through leomw functions* 


# inc iude <iostr e r* i ei> 

(include <cvtEing> 
using namespace std? 

//A cl ass for two-dimensional objects, 
class TwoBShape { 

// these are private 
double width? 
double height; 
publics 

void sbowMinO C 

crout « ^Widtb and height are * 

width « " and * « height « *Vd7| 

I 

// accessor functions 

double getWidtht) { return width; J — 
double getHeight(> ( return bright; } 
void set Width (double w) { width ■ vj } 
void setHeight (double h) f height = h; )- 

1; 


// Triangle is derived from TWoDShapo* 
djii Triangle i public TvoDShape l 
publics 

char style[20]* 
double area(> ( 

return getWidthQ * getHeightO / 2; 4™ 

1 

void showStyle () f 

cout « "Triangle is " « style « i \n* ? 

> 

int nainO { 

Triangle tl; 

Triangle t3; 

tl. setWidth <4 -OJ ; 

tl. settteightf 4.r 0); 

strcpy(tl*style f w isosceles ") $ 


t2.se tMdth (8*0); 
t3•setHeightf13,0}/ 
strcpy f12 .style f ,p right"); 


The accessor (unctions for 
width and height 


Use the accessor functions to 
obtain the width, end he^t 
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cout « "Info for tliVn'? 
t1.showStyle(); 
tl.showDim()? 

cout « 'Area is " « tl.areaO « *\n"; 


cout « * Vn* ? 

rout « "Info for t2i\n *7 

t2 ,showStyle(); 

12 ,showDim(); 

cout « "Area is * « 1~*I aril f) « 
return 0; 

} 


\n"j 



How is a base class inherited by a derived 
class? 

Does a derived class include the members 
of its base class? 


Does a derived class have access to the 



private members of its base class? 


CRITICAL SKILL 10.2: Base Class Access 
Control 

As explained, when one class inherits another, the members of the base 
class become members of the derived class. However, the accessibility of 
the base class members inside the derived class is determined by the access 
specifier used when inheriting the base class. The base class access 
specifier must be public, private, or protected. If the access specifier is not 
used, then it is private by default if the derived class is a class. If the 
derived class is a struct, then public is the default. Let’s examine the 
ramifications of using public or private access. (The protected specifier is 
described in the next section.) 

Ask the Expert 

Q: I have heard the terms superclass and subclass used in discussions of 
Java programming. Do these terms have meaning in C++? 

A • What Java calls a superclass, C++ calls a base class. What Java calls a 

subclass, C++ calls a derived class. You will commonly hear both sets of 
terms applied to a class of either language, but this book will 
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continue to use the standard C++ terms. By the way, C# also uses the base 
class, derived class terminology. 

When a base class is inherited as public, all public members of the base 
class become public members of the derived class. In all cases, the private 
elements of the base class remain private to that class and are not accessible 
by members of the derived class. For example, in the following program, 
the public members of B become public members of D. Thus, they are 
accessible by other parts of the program. 

/ / Demonsirate public inheri banco r 

4include ^iostream> 
us i ng namespac e s t d; 

class B ( 
int i, j; 
public: 

void seifint a, ini b) { 1 = a; j = bj ) 
void show() { cout << i << ” " j << "\n n ? } 


class D : public B { f Here, & is inherited as public, 

int k; 
public: 

Dfint x) | k s x; ) 

void showkf) { cout << k << "\n rr ^ } 

// i = 10: // Error? i is private to B and access is not allowed, +1 
); 1 

. . .. Can't ii because H is private la B. 

int min (} 

{ 

D ob (3) ; 

ob-set(1, 2); // access member of base class 
ob«allow (}; // access member of base class 

ob.showk(); // uses member of derived class 

return 0; 

) 



Since set() and show() are public in B, they can be called on an object 
of type D from within main(). Because i and j are specified as private, they 
remain private to B. This is why the line 

Hi- 10; // Error! i is private to B and access is not allowed. 

is commented-out. D cannot access a private member of B. 

The opposite of public inheritance is private inheritance. When the base 
class is inherited as private, then all public members of the base class 
become private members of the derived class. For example, 
















the program shown next will not compile, because both set() and show() 
are now private members of D, and thus cannot be called from main(). 

// Use private inheritance. This program won't compile, 

# inc lude < i o s tr eam> 

using namespace std; 


class E { 
int i, j; 
putol ic: 

void set (int a, int to) ( i = a; j = to; ] 
void show() { cout << i « 11 * « j « B \n M ? ) 


// Public elements of 
class D : private B { 
int k; 
pub! i c i 

Dfint x) { k = x; } 
void showk() { cout 

}; 


B become private in D, 

*- 1 

Nov/ r inherit Baa private 

« k « ri \ n H ; } 


int iuain() 

t 

D ofo (3 } ; 


Now r set[j and shov/i’ i tire 

inaccessible through D. 


oto»Bet(l, 2); // Error t can't access set () 
oh.shawi); // Error, can't access showO 


return 0; 


} 



To review: when a base class is inherited as private, public members of the 
base class become private members of the derived class. This means that 
they are still accessible by members of the derived class, but cannot be 
accessed by other parts of your program. 

CRITICAL SKILL 10.3: Using protected 
Members 

As you know, a private member of a base class is not accessible by a 
derived class. This would seem to imply that if you wanted a derived class 
to have access to some member in the base class, it would need to be 
public. Of course, making the member public also makes it available to all 
other code, which may not be desirable. Fortunately, this implication is 
wrong because C++ allows you to create a protected member. A protected 
member is public within a class hierarchy, but private outside that hierarchy. 

A protected member is created by using the protected access modifier. 
When a member of a class is declared as protected, that member is, with 
one important exception, private. The exception occurs 
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when a protected member is inherited. In this case, the protected member of 
the base class is accessible by the derived class. Therefore, by using 
protected, you can create class members that are private to their class but 
that can still be inherited and accessed by a derived class. The protected 
specifier can also be used with structures. 

Consider this sample program: 

// Demonstrate protected members, 

#include <iostream> 
using namespace std; 

Here, i and j are protected. 

class B f I 

protected: ^- * 

int i, j; // private to B r but accessible to D 
public: 

void set(int a, int b) { i = a; j = b: ] 
void shown { cout << i " * << j << "\n"; } 

}; 

class D ; public B { 
int k; 

public: _ 

ft D access B's i and j __ D can access i and j because 

void setKH [ k = i*j; j they ore protected, not private. 

void showkO t cout « k «, h \n n ; } 

}; 


int main{) 

{ 

D ob? 

ob.s&t{2 f 1) ; // OK, set{) is public in B 
ob L show{); // OK,. shovO is public B 

ob . s 0 1 k {) ; 
ob.showk(}; 

return 0 ^ 

} 



Here, because B is inherited by D as public and because i and j are declared 
as protected, D’s function setk() can access them. If i and j were declared 
as private by B, then D would not have access to them, and the program 
would not compile. 

When a base class is inherited as public, protected members of the base 
class become protected members of the derived class. When a base class is 
inherited as private, protected members of the base class become private 
members of the derived class. 
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The protected access specifier may occur anywhere in a class declaration, 
although typically it occurs after the (default) private members are declared 
and before the public members. Thus, the most common full form of a class 
declaration is 

class class-name { 

private members by default protected: 
protected members public: 
public members }; 

Of course, the protected category is optional. 

In addition to specifying protected status for members of a class, the 
keyword protected can also act as an access specifier when a base class is 
inherited. When a base class is inherited as protected, all public and 
protected members of the base class become protected members of the 
derived class. For example, in the preceding example, if D inherited B, as 
shown here: 

class D : protected B { 

then all non-private members of B would become protected members of D. 



When a base class is inherited as private, 
public members of the base class become 
private members of the derived class. True or 
false? 


Can a private member of a base class be 
made public through inheritance? 


To make a member accessible within a 
hierarchy, but private otherwise, what access 
specifier do you use? 


Ask the Expert 

Q: 

A: 

Can you review public, protected, and private? 


When a class member is declared as public, it can be accessed by any other part 

of a program. 


When a member is declared as private, it can be accessed only by members 
of its class. Further, derived classes do not have access to private base class 
members. When a member is declared as protected, it can be accessed only 
by members of its class and by its derived classes. Thus, protected allows a 
member to be inherited, but to remain private within a class hierarchy. 

When a base class is inherited by use of public, its public members become 
public members of the derived class, and its protected members become 
protected members of the derived class. When a base class is inherited by 
use of protected, its public and protected members become protected 
members of 
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the derived class. When a base class is inherited by use of private, its public 
and protected members become private members of the derived class. In all 
cases, private members of a base class remain private to that base class. 

Constructors and Inheritance 

In a hierarchy, it is possible for both base classes and derived classes to 
have their own constructors. This raises an important question: what 
constructor is responsible for building an object of the derived class, the 
one in the base class, the one in the derived class, or both? The answer is 
this: the constructor for the base class constructs the base class portion of 
the object, and the constructor for the derived class constructs the derived 
class part. This makes sense because the base class has no knowledge of or 
access to any element in a derived class. Thus, their construction must be 
separate. The preceding examples have relied upon the default constructors 
created automatically by C++, so this was not an issue. However, in 
practice, most classes will define constructors. Here you will see how to 
handle this situation. 

When only the derived class defines a constructor, the process is 
straightforward: simply construct the derived class object. The base class 
portion of the object is constructed automatically using its default 
constructor. For example, here is a reworked version of Triangle that 
defines a constructor. It also makes style private since it is now set by the 
constructor. 
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// Ad4= % Constructor* fci* ij^iangle. 


ft inc lude ^ io s treain> 
ft-include «cstring> 
narii^spac-L- std 


//A class for t^dH0JjMn£ion&l 
Class' TwoDShape l r i 
/ / these- are private 
double width? 
double height)! 


void ^howDiifl {} { 

p 3fl&tp and ar0 11 Stffr 


ifidth « *' and " «■ height « 11 \n*; 


yJH, 

TT i 


3 £r 

:> 


flpuble ■ -E J 

double getHeight i[-) J J- 

Void i $ 

"t height, kh*) } 


Vi 


fj Triangle is derived ^from TwoBShape^ 
class Triangle * publid*. TwoDShape { 
char styist20l? 1/ how private 
public: 


J ! H | *1 l.| J, 1 ||j. JL 

// Constructor tor Triangle* 
Wt&ik tjqpi&ltt Sr*- 
// Initialise the base cla; 

s ® fcitfe ight fkig —I 


I 


/ Initialize the 


ion. 


J + 




- Initialize iht? IwoOShqpe 
portion 

* . ■ i "■ 'A ■■ 




- Initialise ttyle, wh k 
h specific to Triangle. 


double l areal 3 { 

return getWidth-("f getHeighfi'ff / 3 # 

void showstylef) 1'; 

tib&fc <*.■ -14 n *' fti- ■fefii; fafr *\h n % -j. 





Here, Triangle’s constructor initializes the members of TwoDShape that it 
inherits along with its own style field. 
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When both the base class and the derived class define constructors, the 
process is a bit more complicated, because both the base class and derived 
class constructors must be executed. 

CRITICAL SKILL 10.4: Calling Base 
Class Constructors 

When a base class has a constructor, the derived class must explicitly call it 
to initialize the base class portion of the object. A derived class can call a 
constructor defined by its base class by using an expanded form of the 
derived class’ constructor declaration. The general form of this expanded 
declaration is shown here: 

derived-constructor(arg-list): base-cons(arg-list); { 
body of derived constructor 

} 

Here, base-cons is the name of the base class inherited by the derived class. 
Notice that a colon separates the constructor declaration of the derived class 
from the base class constructor. (If a class inherits more than one base class, 
then the base class constructors are separated from each other by commas.) 

The following program shows how to pass arguments to a base class 
constructor. It defines a constructor for TwoDShape that initializes the 
width and height properties. 
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// Add a constructor to TwoDShape* 


4include <io£tream> 




'.tiding; hcunfc&paee 

■ l , J. , » t > v jJ 

//A class for two-dimensional i 
olassf TwoDShape { 

// these are private 
double width; 
doubly height-; 


«"■ Vi.l v i 1 


re.: 


// Constructor 


for TwoDShape. 
e w r double b) { 


width = w; 

fe-ni i* -“tr r.j , tt_ 

height - h; 


void showDim () { 

y "** 1 1 i-klift i* m jj v ■ iJ 

cout « ''Width and height are " « 
width << '* and * ^M*Sieiglit 

»■ 

Jiftf assessor fmict&pp 

double ■■(; $ 

double getHeightO l return height; } 

Void W i jfifiWftfcfc { 

gpt^ight •; f 


// Triangle iE derived from TwoDShap* 
i^S.■&ri<=j 1 &. t TwoDShape /tf$ 

ehar jfjf "-*#£ 


Conytruetdr :for Triangle, 

.angle {char *str, double w, 

double h) i TwoDShapecf^f JEJ I 
it rcpyf style, utr) ? 


double area{] { 

^ Ipjj^Keighfc^l j - v jj^ 


void showStyle{) 1 




Call Ihe TwafrAtape conduct 

s . s - ■ ■■■? HiLPT- 1 ' ' <» J ■' 1- ‘.i 
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Eput « ^Triajigle " « ssfcyXof « "Ml** 

s ’ ." 

$$ 


int ma.in{l { 

triangle t1(*i bogcgIbs h ^ 4.0 f 4.G); 

ti^ *'lrij(jlbfc *y j. ^ 

£-aut <<". F lnf£ for tL:\n" ; 
tjL.*.GhowStyle () ; 
fci..ehowDimt) ; 

*^*r- Oar-sa £ii * %iv=srea('J £pL : 
ecjttt <<. * \ti n, ; j 

cofcfc « *Itifo fo^ ta(y:Sjjp"j 
12 ^.flhawS’tyle (') j 
t2„a&owDim(}; 

« ’ Area i b : " t2.area{) « 

roturn 0 j 

% 


Here, Triangle( ) calls TwoDShape with the parameters w and h, which 
initializes width and height using these values. Triangle no longer initializes 
these values itself. It need only initialize the value unique to it: style. This 
leaves TwoDShape free to construct its subobject in any manner that it so 



chooses. Furthermore, TwoDShape can add functionality about which 
existing derived classes have no knowledge, thus preventing existing code 
from breaking. 

Any form of constructor defined by the base class can be called by the 
derived class’ constructor. The constructor executed will be the one that 
matches the arguments. For example, here are expanded versions of both 
TwoDShape and Triangle that include additional constructors: 

// Add a constructor to TwoDShape T 

#include <iostream> 

#include <cstring> 
using namespace std; 

//A class for two-dimensional objects, 
class TwgDS hape { 

// these are private 
double width; 
double height; 
public: 


16 














// Default, constructor. 


width = height 


// Constr$£tpr iar TVKStPJShape* 

TwgBShape (double ^ double h> £ 
width ■ wj 
height a h; 

3 

A/ Cop struct abject with equal width-and 

TwaDSh'ip<- {double Sti ( 
width = height =$ it; 

> 


V-: ... Tw^OShqp* 

coriitfucters 


void showDiiu(j ■£, 

couh << n Width and height are * « 

width << * and * «. haigfht « *\±*j 
J 


/./ accessor functions 

double getWidthO { return widths \ 

double getHeight( 3 r { return height; } 

30 if} % Vmm H-fifJ | 

yoM | tieighii'-^ -tj yj' 


/V ■flftrivfcP fwoDShap***, 

class triangle : public TwoDShape { 
char style [ 3'01 ; f-£ now private 
public* 



/* A default Constructor, This automatically inyoftee 
the default 
Triangle t) { 
strepy (style, 


mi kaputt 35 k| 


// Constructor wdfcjjjjf three parameters 
frianglelchar *st^ double 

dbi^ihuUr^k) 1 & -TwoDShATM? |j#y ifif 
sttcpy^tylfc, rffrr); 


Venous Trici! 1 gift 
cen-^lrudcrt 
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double area!) C 


return getWidthf) * getHeightO / 2; 


i 


i 

tout « B1 Triangle is " << E'tyl^ ■£< H \;n p 


u 


inf-'raainC). f 

Tr iangle j: 


tl * t2i 

Gout « "Ijifa: for tis \n ,r ? 

■t * 

ti, BhowDJA£}^. 

cigftit '’Area'; Jjjf “ tt V?i % i'i 


u > 


cout. « "\n T r 

cr i Li 


<<- : : fl Info bi : * $ 

ti\* ahoWStylef|f 


cout- << " « £ 2 -, area 

• j *■*!■ ^ ii •■ Tl# jj “■“ i"P ^■■"V ■ ■- i , -- * ".• 


« ?\n."} 


cout « " SSf" i 


£3! W* 1 

t 3 .showSfcyle{|; 
t2 ,showDlm (); 
coufc w 'Area £# * 


<<: 


eout « "\n* r 

J » “ ™ “ll | * ■ I — ▼ 



Here is the output from this version: 

Info for tl: 

Triangle is right 

Width and height are 8 and 12 

Area is 48 

Info for t2: Triangle is right Width and height are 8 and 12 Area is 48 


Info for t3: Triangle is isosceles Width and height are 4 and 4 
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Area is 8 


tjVog ress Check 


How does a derived class execute its base 
class’ constructor? 


Can parameters be passed to a base class 
constructor? 


Project 10-1 


What constructor is responsible for 
initializing the base class portion of a derived 
object, the one defined by the derived class or 
the one defined by the base class? 

Extending the Vehicle Class 


This project creates a subclass of the Vehicle class first developed in 
Module 8. 

As you should recall, Vehicle encapsulates information about vehicles, 
including the number of passengers they can carry, their fuel capacity, and 
their fuel consumption rate. We can use the Vehicle class as a starting point 
from which more specialized classes are developed. For example, one type 
of vehicle is a truck. An important attribute of a truck is its cargo capacity. 
Thus, to create a Truck class, you can inherit Vehicle, adding an instance 
variable that stores the carrying capacity. In this project, you will create the 
Truck class. In the process, the instance variables in Vehicle will be made 
private, and accessor functions are provided to get their values. 

Step by Step 




Create a file called TruckDemo.cpp, and copy the last 
implementation of Vehicle from Module 8 into the file. 


Create the Truck class, as shown here: 

// Use Vehicle to create a Truck specialization, 
class Truck s public Vehicle { 

int cargocap; // cargo capacity in pounds 
public; 


// This is a constructor for Truck. 
Truck{int p r int f r 

int m, int c) ? Vehicle(p, 

{ 


f # m) 


cargocap - c; 

) 


// Acc e $s o r f unc tion f o r ca r go cap, 
int get_cargocapf) { return cargocap; ) 
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Here, Truck inherits Vehicle, adding the cargocap member. Thus, Truck 
includes all of the general vehicle attributes defined by Vehicle. It need add 
only those items that are unique to its own class. 


3. Here is an entire program that demonstrates the Truck class: 

// Create a subclass of Vehicle called Truck. 

#include <io6tream> 
using namespace std; 

// Declare the Vehicle class, 
class Vehicle { 

// These are private. 

int passengers ; // number of passengers 
int fuelcap; // fuel capacity in gallons 

int mpg ; // fuel consumption in miles per gallon 

public: 

// This is a constructor for Vehicle. 

Vehicle|int p„ int f* int m) [ 
passengers = p; 
fuelcap - f; 
mpg m m; 

} 

// Compute and return the range, 
int range() { return mpg * fuelcap; } 

// Accessor functions. 

int get_passenger&() £ return passengers; } 
int get_fuelcap() { return fuelcap; } 

int get_mpgO { return mpg; } 

)" 


// Use Vehicle to create a Truck specialisatio: 
class Truck : public Vehicle { 

int cargocap; // cargo capacity in pounds 
public: 


// This is a constructor for Truck. 
Truck(int p r int f, 

int m, int c) ; Vehicle[pj 

{ 

cargocap = c; 

) 


f x m 


// Accessor function for cargocap. 
int get_cargocap() ( return cargocap; } 
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int mainO { 


// construct some tracks 
Truck sefni(2 F 200* l t 44000J t 
Truck pickup P, 28* IS,, 2000); 
int disfc = 252i 

cout « *3omi can carry * « ^etid.gefc_C£trgeeap£) « 

* poundsAn*; 
cout « p It has a range of H « 

semi, range 0 H miles*Yu*; 

ooot « *To go ■ « dist « f miles needs w « 

diet / eemi ,get_jiipg{) << 

* gallons of fuel * VnYn*; 

cout « * Pickup can carry * « pickup* get_eargoeap{) 

" pounds * \n w ; 
cout << *It has a range of " « 

pickup* range () « * iilet^ 1 ; 

cout « s To go * « dist « * miles pickup needs * 
diet / pickup.getjspg() « 

* gallons of fuel An"; 


return 0 r 


1 



4. The output from this program is shown here: 

Semi can carry 4 4QQ0 pounds+ 

It has a range of 1400 miles. 

To go 252 milee semi needs 36 gallons of fuel. 

Pickup can carry 2000 pounds. 

It has a range of 420 miles* 

To go 252 miles pickup needs 16 gallons of fuel* 


Many other types of classes can be derived from Vehicle. For 
example, the following skeleton creates an off-road class that 
stores the ground clearance of the vehicle: 

/./ Create an off-road vehicle class 
class OffRoad z public Vehicle [ 

int groundClearance? // ground clearance in inches 
public; 

// ■ * * 

}; 


The key point is that once you have created a base class that defines the 
general aspects of an object, that base class can be inherited to form 
specialized classes. Each derived class simply adds its own, unique 
attributes. This is the essence of inheritance. 
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CRITICAL SKILL 10.5: Creating a 
Multilevel Hierarchy 

Up to this point, we have been using simple class hierarchies consisting of 
only a base class and a derived class. However, you can build hierarchies 
that contain as many layers of inheritance as you like. As mentioned, it is 
perfectly acceptable to use a derived class as a base class of another. For 
example, given three classes called A, B, and C, C can be derived from B, 
which can be derived from A. When this type of situation occurs, each 
derived class inherits all of the traits found in all of its base classes. In this 
case, C inherits all aspects of B and A. 

To see how a multilevel hierarchy can be useful, consider the following 
program. In it, the derived class Triangle is used as a base class to create the 
derived class called ColorTriangle. 

ColorTriangle inherits all of the traits of Triangle and TwoDShape, and 
adds a field called color, which holds the color of the triangle. 



/ / A mu1 1iI eve1 hie rarchy. 


#include <io s t re am> 

#include <cstring> 
using naniespace std; 

//A class for two-dimensional objects, 
class TwoD,Shape { 

// these are private 
double width? 
double height; 
public: 

/ / DefanIt conetructor♦ 

TwoDShape() { 

width = height = D.O? 

3 

// C onst ru c tor for TwoDShape. 

TwoDShape(double w, double h) { 
width s w; 
height = h? 

} 

// Construct object with equal width and height. 
TwoDShape(double x) { 
width = height = x; 

3 

void showDimf) { 

cgut « "Width and height are F << 

width << * and " << height « "\n n r 
3 
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// accessor functions 
double getWidthO { rfHfcuiH width; } 
dcuble getKeight (} ( inban height; ) 
void set Width (double w) { width = wi } 
void setHeight: {double h| { height = hj ] 


// Triangle is derived from TWcDShape. 
class Triangle t public TVol^liape { 

char style {20 J t * // now private 
publ ic; 

/* A default constructor* This automatically invokes 
the default constructor of TwoDShape* */ 

Triangle() f 

etrepy {style, ^unknown* J j 

l 

// Constructor with three parameters*. 

Triangle (char *str, double v t 

double h) : TwoDShapetw, h) { 
strcpy(style, str)& 

> 

// Construct an isosceles triangle. 

Triangle (double s TwoDShape (xfr { 
st row (style * ■ isosceles p } f 
t 

double area f) { 

return getWi-dthU * getHeightO / 2r 

} 

void showsty 1 e {) { 

emit « "Triangle is " « style « - \n h ; 

\ 
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// Extend Triable, 

class ColorTriangle s public Triangle £ *- 

char color|30]r 

public; 

ColorTriangleJchar 'clr, char 1 styles, double w 

double h) % Triangle I styl-:** v r h 
strcrpy (color* clr) ; 

1 

// Display the color, 
void showColorf) f 

cout « "Color is H « color <* *\n"i 
I 
K 

int ntainO { 

ColorTrianglfl tl rBlue\ 'right", a.G f 13. OK 
ColorTriangle tit "Red*, "isosceles“* 3*0* 2-OK* 

cout « *Itifo for tlAiT* 
tl.showStyle ()i 
tl .iMhal); 
tl ,show€olorfJ ; 

cout « "Area is * « tL«H() « p \s"j 

cout « a \n*i 

cernt « "Info for t2t\n"j 
t2,j&howStyleC) i —i 

t2 .showDimU j - 

t2 .showColor { ) ; — 

cout « "Area is " « t2,area0 « m \n 

return 0; 


ColotTncmglc jnho’ih Tricing!* 
v-bfcb inherits TwoDShnpe. 


( 


A CdofTricirvgk ob|ed can caB 
(unctions dcfin-od by ihelF and ih 
base efosses- 



The output of this program is shown here: 

Info for tl 2 

TrLangl# is right 

Width and height are B and 12 

Color is Blue 

Area is 43 

Info for t2; 

Trianglo is isoscolos 
Width and height are 2 and 2 
Color is Red 
Area is 2 


Because of inheritance, ColorTriangle can make use of the previously 
defined classes of Triangle and TwoDShape, adding only the extra 
information it needs for its own, specific application. This is part of the 
value of inheritance; it allows the reuse of code. 
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This example illustrates one other important point. In a class hierarchy, if a 
base class constructor requires parameters, then all derived classes must 
pass those parameters “up the line.” This is true whether or not a derived 
class needs parameters of its own. 

CRITICAL SKILL 10.6: Inheriting 
Multiple Base Classes 

In C++, it is possible for a derived class to inherit two or more base classes 
at the same time. For example, in this short program, D inherits both B1 
and B2: 

// An example of multiple base classes. 

4 include- <iostream> 
using namespace stdr 

class B! { 
protected: 

int x; 
pub]ic: 

void showx() { cout << X « a \n m ; } 

): 

class B2 [ 
protected e 

int y; 
public: 

void showy () { cout « y « *\n"; } 

}; 

Here, D inhariis both B1 
and S2 at the some time. 


int main(3 

C 

D ob- 

ob,set£10, 20)? // provided by D 
ob.showxO? // from Bl 

ob„ showy f ] j // from E2 

return 0; 

> 


// Inherit multiple base classes, 

class D: public Bl, public B2 { ** - 

public: 

/* x and y are accessible because they are 
protected in Bl and E2„ not private, *f 
void setfint i t int j) { x = i; y = j? } 



As this example illustrates, to cause more than one base class to be 
inherited, you must use a comma-separated list. Further, be sure to use an 
access specifier for each base class inherited. 
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CRITICAL SKILL 10.7: When 

Constructor and Destructor Functions Are 
Executed 


Because a base class, a derived class, or both can contain constructors 
and/or destructors, it is important to understand the order in which they are 
executed. Specifically, when an object of a derived class comes into 
existence, in what order are the constructors called? When the object goes 
out of existence, in what order are the destructors called? To answer these 
questions, let’s begin with this simple program: 

#include cioatreaffl? 
using namespace std; 

class B { 
public* 

BO { cout « ‘Constructing bass portion\n’; ) 

O { cout << "DestrUCting base portionin' 1 ; } 

}; 

class Di public B { 
publ ic t 

Df) { cout << "Constructing derived portionin'"; ) 

^Df) { cout << "Des true ring derived portioning } 

}? 

int 

( 

D ob; 

// do nothing but construct and destruct ob 

return 0; 

} 



As the comment in main( ) indicates, this program simply constructs and 
then destroys an object called ob, which is of class D. When executed, this 
program displays 

Constructing base portion Constructing derived portion Destructing derived portion Destructing base 
portion 

As the output shows, first the constructor for B is executed, followed by the 
constructor of D. Next (since ob is immediately destroyed in this program), 
the destructor of D is called, followed by that of B. 

The results of the foregoing experiment can be generalized as follows: 
When an object of a derived class is created, the base class constructor is 
called first, followed by the constructor for the derived class. When a 
derived object is destroyed, its destructor is called first, followed by that of 
the base class. Put differently, constructors are executed in the order of their 
derivation. Destructors are executed in reverse order of derivation. In the 
case of a multilevel class hierarchy (that is, where a derived class becomes 
the base class for another derived class), the same general rule applies: 
Constructors are called 
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in order of derivation; destructors are called in reverse order. When a class 
inherits more than one base class at a time, constructors are called in order 
from left to right as specified in the derived class’ inheritance list. 
Destructors are called in reverse order right to left. 


ifprog 


ress 


Check 


Can a derived class be used as a base class 
for another derived class? 

In a class hierarchy, in what order are the 
constructors called? 

In a class hierarchy, in what order are the 
destructors called? 


Ask the Expert 

Q: 

A: 


Why are constructors called in order of derivation, and destructors called in 
reverse order? 

If you think about it, it makes sense that constructors are executed in order of 
derivation. 


Because a base class has no knowledge of any derived class, any 
initialization it needs to perform is separate from, and possibly prerequisite 
to, any initialization performed by the derived class. Therefore, the base 


class constructor must be executed first. 


Likewise, it is quite sensible that destructors be executed in reverse order of 
derivation. Since the base class underlies a derived class, the destruction of 
the base class implies the destruction of the derived class. Therefore, the 
derived destructor must be called before the object is fully destroyed. 

CRITICAL SKILL 10.8: Pointers to 
Derived Types 

Before moving on to virtual functions and polymorphism, it is necessary 
to discuss an important aspect of pointers. Pointers to base classes and 
derived classes are related in ways that other types of pointers are not. In 
general, a pointer of one type cannot point to an object of another type. 
However, base class pointers and derived objects are the exceptions to this 
rule. In C++, a base class pointer can also be used to point to an object of 
any class derived from that base. For example, assume that you have a base 
class called B and a class called D, which is derived from B. Any pointer 
declared as a pointer to B can also be used to point to an object of type D. 
Therefore, given 

E *p; // pointer to object of type E 

B B_ob; // object of type B 
B D_ob; // object of type D 


both of the following statements are perfectly valid: 

p =. kB_oh? // p points to object of type B 
P = &D_ob; p points to object of type D, 

which in an object derived from B */ 
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A base pointer can be used to access only those parts of a derived object 
that were inherited from the base class. Thus, in this example, p can be used 
to access all elements of D_ob inherited from B_ob. However, elements 
specific to D_ob cannot be accessed through p. 

Another point to understand is that although a base pointer can be used to 
point to a derived object, the reverse is not true. That is, you cannot access 
an object of the base type by using a derived class pointer. 

As you know, a pointer is incremented and decremented relative to its base 
type. Therefore, when a base class pointer is pointing at a derived object, 
incrementing or decrementing it will not make it point to the next object of 
the derived class. Instead, it will point to (what it thinks is) the next object 
of the base class. Therefore, you should consider it invalid to increment or 
decrement a base class pointer when it is pointing to a derived object. 

The fact that a pointer to a base type can be used to point to any object 
derived from that base is extremely important, and fundamental to C++. As 
you will soon learn, this flexibility is crucial to the way C++ implements 
runtime polymorphism. 

References to Derived Types 

Similar to the action of pointers just described, a base class reference can be 
used to refer to an object of a derived type. The most common application 
of this is found in function parameters. A base class reference parameter 
can receive objects of the base class as well as any other type derived from 
that base. 

CRITICAL SKILL 10.9: Virtual Functions 
and Polymorphism 

The foundation upon which C++ builds its support for polymorphism 
consists of inheritance and base class pointers. The specific feature that 
actually implements polymorphism is the virtual function. The remainder of 
this module examines this important feature. 


Virtual Function Fundamentals 



A virtual function is a function that is declared as virtual in a base class and 
redefined in one or more derived classes. Thus, each derived class can have 
its own version of a virtual function. 

What makes virtual functions interesting is what happens when a base 
class pointer is used to call one. When a virtual function is called through a 
base class pointer, C++ determines which version of that function to call 
based upon the type of the object pointed to by the pointer. This 
determination is made at runtime. Thus, when different objects are pointed 
to, different versions of the virtual function are executed. In other words, it 
is the type of the object being pointed to (not the type of the pointer) that 
determines which version of the virtual function will be executed. 
Therefore, if a base class contains a virtual function and if two or more 
different classes are derived from that base class, then when different types 
of objects are pointed to through a base class pointer, different versions of 
the virtual 
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function are executed. The same effect occurs when a virtual function is 
called through a base class reference. 

You declare a virtual function as virtual inside a base class by preceding 
its declaration with the keyword virtual. When a virtual function is 
redefined by a derived class, the keyword virtual need not be repeated 
(although it is not an error to do so). 

A class that includes a virtual function is called a polymorphic class. This 
term also applies to a class that inherits a base class containing a virtual 
function. 

The following program demonstrates a virtual function: 
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class E Declare a v^rKwl furKlfvb 

P| 

§ fl specify a virtual function *- 

cont « 'Base \n " r 


Vo it* i*bb (j { // redefine Wha tl 
^rwLt «* ^Fiirst derivatitm\n* j 


R«Minf the virtual tandicn 01 


Redefine the virtual function 
second time fa* 02, 


int maiiiH 


p - kbase. jsibj i 

p->whoO: it access B's who 


pyjrjfie virtual Fynclicri through a 
base dass pointer. 


p - kD2^obj > 

H // sccbes D^'b who 


turn 



This program produces the following output: 

Base 

First derivation 
Second derivation 

Let’s examine the program in detail to understand how it works. 

As you can see, in B, the function who() is declared as virtual. This means 
that the function can be redefined by a derived class. Inside both D1 and 
D2, who() is redefined relative to each class. Inside main(), four variables 
are declared: base_obj, which is an object of type B; p, which is a pointer to 



B 


30 














objects; and Dl_obj and D2_obj, which are objects of the two derived 
classes. Next, p is assigned the address of base_obj, and the who() function 
is called. Since who( ) is declared as virtual, C++ determines at runtime 
which version of who() to execute based on the type of object pointed to by 
p. In this case, p points to an object of type B, so it is the version of who() 
declared in B that is executed. Next, p is assigned the address of Dl_obj. 
Recall that a base class pointer can refer to an object of any derived class. 
Now, when who() is called, C++ again checks to see what type of object is 
pointed to by p and, based on that type, determines which version of who() 
to call. Since p points to an object of type Dl, that version of who() is used. 
Likewise, when p is assigned the address of D2_obj, the version of who() 
declared inside D2 is executed. 

To review: When a virtual function is called through a base class pointer, 
the version of the virtual function actually executed is determined at 
runtime by the type of object being pointed to. 

Although virtual functions are normally called through base class pointers, 
a virtual function can also be called normally, using the standard dot 
operator syntax. This means that in the preceding example, it would have 
been syntactically correct to access who() using this statement: 

Dl_obj.who(); 

However, calling a virtual function in this manner ignores its polymorphic 
attributes. It is only when a virtual function is accessed through a base class 
pointer (or reference) that runtime polymorphism is achieved. 

At first, the redefinition of a virtual function in a derived class seems to be a 
special form of function overloading. However, this is not the case. In fact, 
the two processes are fundamentally different. First, an overloaded function 
must differ in its type and/or number of parameters, while a redefined 
virtual function must have exactly the same type and number of parameters. 
In fact, the prototypes for a virtual function and its redefinitions must be 
exactly the same. If the prototypes differ, then the function is simply 
considered to be overloaded, and its virtual nature is lost. Another 
restriction is that a virtual function must be a member, not a friend, of the 
class for which it is defined. However, a virtual function can be a friend of 
another class. Also, it is permissible for destructors, but not constructors, to 
be virtual. 



Because of the restrictions and differences between overloading normal 
functions and redefining virtual functions, the term overriding is used to 
describe the redefinition of a virtual function. 

Virtual Functions Are Inherited 

Once a function is declared as virtual, it stays virtual no matter how many 
layers of derived classes it may pass through. For example, if D2 is derived 
from D1 instead of B, as shown in the next example, then who( ) is still 
virtual: 
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, 1. I .. . | Jjj, . ■v a ^| |i| 

/■/ Derive from DI, not B* 
clase B2 i public D1 { 
publi.cr 

void who () { // define who ( ) re 1 ative to second_d 

cout « " Second dsriv^tiQTLXji^ ; 

f .' 

u 


When a derived class does not override a virtual function, then the function 
as defined in the base class is used. For example, try this version of the 
preceding program. Here, D2 does not override who(): 



ftinclude <iostream> 
using namespace std; 


class E [ 
publics 

virtual void who ( ) { 

cout “Baseui 11 ; 

3 

3 ; 


class D1 3 public B { 
public: 

void who \ \ ( 

cout << "First derivations N ; 

3 

3 f 


class D 2 : public B l 
// who O not defined 

3; 


4 - 02 doet ncft ovemde whcH ). 


int cnain{) 

{ 

B 3>ase_obj ; 

B *p; 

D1 Dl_obj ; 

D2 D2_obj ; 

p = &ba.se_ob j j 

p->who U; // access B 1 s who() 

p = &Dl_obj ; 

p->vho() j // access D1 1 s who () 
p - ^D2__obj ? 

p->who () ; /* access B's who U because ■* 

D 2 does not redefine it "/ 

return 0; 

3 


Jhh calls the who[ \ d^iried by B. 
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The program now outputs the following: 











Base 

First derivation 
Base 

Because D2 does not override who(), the version of who() defined in B is 
used instead. 

Keep in mind that inherited characteristics of virtual are hierarchical. 
Therefore, if the preceding example is changed such that D2 is derived 
from D1 instead of B, then when who() is called on an object of type D2, it 
will not be the who() inside B, but the version of who() declared inside D1 
that is called since it is the class closest to D2. 

Why Virtual Functions? 

As stated earlier, virtual functions in combination with derived types allow 
C++ to support runtime polymorphism. Polymorphism is essential to 
object-oriented programming, because it allows a generalized class to 
specify those functions that will be common to all derivatives of that class, 
while allowing a derived class to define the specific implementation of 
some or all of those functions. Sometimes this idea is expressed as follows: 
the base class dictates the general interface that any object derived from that 
class will have, but lets the derived class define the actual method used to 
implement that interface. This is why the phrase “one interface, multiple 
methods” is often used to describe polymorphism. 

Part of the key to successfully applying polymorphism is understanding that 
the base and derived classes form a hierarchy, which moves from greater to 
lesser generalization (base to derived). When designed correctly, the base 
class provides all of the elements that a derived class can use directly. It 
also defines those functions that the derived class must implement on its 
own. This allows the derived class the flexibility to define its own methods, 
and yet still enforces a consistent interface. That is, since the form of the 
interface is defined by the base class, any derived class will share that 
common interface. Thus, the use of virtual functions makes it possible for 
the base class to define the generic interface that will be used by all derived 
classes. 


At this point, you might be asking yourself why a consistent interface with 
multiple implementations is important. The answer, again, goes back to the 



central driving force behind object-oriented programming: It helps the 
programmer handle increasingly complex programs. For example, if you 
develop your program correctly, then you know that all objects you derive 
from a base class are accessed in the same general way, even if the specific 
actions vary from one derived class to the next. This means that you need to 
deal with only one interface, rather than several. Also, your derived class is 
free to use any or all of the functionality provided by the base class. You 
need not reinvent those elements. 

The separation of interface and implementation also allows the creation of 
class libraries, which can be provided by a third party. If these libraries are 
implemented correctly, they will provide a common interface that you can 
use to derive classes of your own that meet your specific needs. For 
example, both the Microsoft Foundation Classes (MFC) and the newer 
.NET Framework Windows Forms class library support Windows 
programming. By using these classes, your program can inherit much of the 
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functionality required by a Windows program. You need add only the 
features unique to your application. This is a major benefit when 
programming complex systems. 

Applying Virtual Functions 

To better understand the power of virtual functions, we will apply it to the 
TwoDShape class. In the preceding examples, each class derived from 
TwoDShape defines a function called area(). This suggests that it might be 
better to make area() a virtual function of the TwoDShape class, allowing 
each derived class to override it, defining how the area is calculated for the 
type of shape that the class encapsulates. The following program does this. 
For convenience, it also adds a name field to TwoDShape. (This makes it 
easier to demonstrate the classes.) 

// Us© virtual functions and polymorphism. 

#include -cioatream^ 

#include <cstring> 
using nam&space std; 

// A class for two-dimensional objects, 
class TwoDShape { 

// these are private 
double width; 
double height; 

// add a name field 
char name[20J; 
public: 


// Default constructor- 
TwoDShape() [ 

width = height = 0*0; 
strcpy (name, "unknown"); 

) 

// Constructor for TwoDShape* 

TwoDShape(double w, double h F char ( 

width st w; 
height = h; 
strcpyiname, n}; 


// Construct object with equal width and height 
TwoDShape(double x, char *n) { 

width = height = x; 
strcpy < name, n); 



34 














void showDim {} C 

emit « ‘lidth and height are * « 

width « * and ” « height « w \n"j 

> 

// accessor functions 
double getWidthf) C return width? ) 
double getHeight{} { return height * ] 
void w) { width * m 1 

void setHeight(double h) { height a hj $ 
char ( return name; } 

// Add areal) to TwoDSh-ape and make it virtual, 
virtual double areal) i 

eoufe « "Error; aroaf) must be overridden.vo*; 

return 0.0; 

1 


i* 

ff Triangle ir derived from TmDiShapft. 
class Triangle : public TVoDShape { 
char style[20I; // now private 
publics 


/* A default constructor* This automatically invokes 
the default cons true tor of TwoDShape. V 
Trianglel) { 

strepy (style, ■‘unknown*} ; 

) 

if Constructor with three parameters* 

Triangle(char *str, double v, 

double h\ * TwoDShape (w, h, * triangle*) { 
Sfcrcpy (style, ptr) ; 

> 

// Construct an isosceles triangle* 

Triangle (double x} t TwoDShape £x, *triangle *) ( 
strepy (style*, ^isosceles *) ; 

) 

// This now overrides izm() declared in TwoDSh.spe* 

double area,{) [ *- 

return get Width!} 4 getHeightO / 2; 

j 

void shows ty 1 e i) f 

cout « "Triangle is * « style « "Wr 

} 


The areal j funcNon h 
now virtucJ. 


Override ore&O 
in Triangle, 
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//ft derived class of TwoDShape for rectangles* 

class Rectangle : public TWoDShape ( 

public; 

// Construct a rectangle? 

Rectangle (double w, double h) : 

TrfoD£hape(w, h, f 3ctttngU f ) f } 

// Con^tr^ct a flguaifl* 

Rect angle(double x) ; 

TwoDSfrapa {x* "rectangle") ( J 

bool isSquare (} { 

if (getVfidth 1) “= getHeigM () ) return true; 
return false; 

) 

// This is another override of areaf)* 

double areaf) ( * Overrideareaj 1 ogofr 

return * getHeight()i in Redongle. 

) 

1 i 

int pla(} ( 

// declare an array of pointers to TVoDShape objects* 

TwoDShape ^shapes [51 j 

shapes 10 } m & Triangle("right* f i.O, 13.0); 

shapes {1 ] = ^Rectangle flO 1 ; 

shapes [2 J = sRectangle{XQ, 4 )j 

shapes 1 = & Triangle{ 7 * 0 }; 

shapes[4] = £ThroBShape(XQ # 20 f "generic"); 

for <int i=?<h 1 < Sj i++> { 
eout « "object is * « 

shapes (I Jget Name () « fl \n a j 

cout « "ftraa is * <* 

shapes [i l *>area {5 « " Vn 1 '; ^- 1 pfepsr wnbn of oied] \ 

for eodi objecl is now colled. 

cout « " \n* ; 

J 

return 0; 

1 



The output from the program is shown here: 



object is triangle Area is 48 
object is rectangle Area is 100 
object is rectangle 
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Area is 40 

object is triangle Area is 24.5 
object is generic 

Error: area() must be overridden. 

Area is 0 

Let’s examine this program closely. First, area() is declared as virtual in 
TwoDShape class and is overridden by Triangle and Rectangle. Inside 
TwoDShape, area( ) is given a placeholder implementation that simply 
informs the user that this function must be overridden by a derived class. 
Each override of area() supplies an implementation that is suitable for the 
type of object encapsulated by the derived class. Thus, if you were to 
implement an ellipse class, for example, then area() would need to compute 
the area of an ellipse. 

There is one other important feature in the preceding program. Notice in 
main( ) that shapes is declared as an array of pointers to TwoDShape 
objects. However, the elements of this array are assigned pointers to 
Triangle, Rectangle,and TwoDShape objects. This is valid because a base 
class pointer can point to a derived class object. The program then cycles 
through the array, displaying information about each object. Although quite 
simple, this illustrates the power of both inheritance and virtual functions. 
The type of object pointed to by a base class pointer is determined at 
runtime and acted on accordingly. If an object is derived from 
TwoDShape,then its area can be obtained by calling area(). The interface to 
this operation is the same no matter what type of shape is being used. 



What is a virtual function? 

Why are virtual functions important? 


When an overridden virtual function is 
called through a base class pointer, which 
version of the function is executed? 


CRITICAL SKILL 10.10: Pure Virtual 
Functions and Abstract Classes 

Sometimes you will want to create a base class that defines only a 
generalized form that will be shared by all of its derived classes, leaving it 
to each derived class to fill in the details. Such a class determines the nature 
of the functions that the derived classes must implement, but does not, 
itself, provide an implementation of one or more of these functions. One 
way this situation can occur is when a base class is unable to create a 
meaningful implementation for a function. This is the case with the version 
of TwoDShape used in the preceding example. The definition of area( ) is 
simply a placeholder. It will not compute and display the area of any type of 
object. 

As you will see as you create your own class libraries, it is not uncommon 
for a function to have no meaningful definition in the context of its base 
class. You can handle this situation two ways. One way, 
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as shown in the previous example, is to simply have it report a warning 
message. While this approach can be useful in certain situations—such as 
debugging—it is not usually appropriate. You may have functions that must 
be overridden by the derived class in order for the derived class to have any 
meaning. Consider the class Triangle. It has no meaning if area( ) is not 
defined. In this case, you want some way to ensure that a derived class 
does, indeed, override all necessary functions. The C++ solution to this 
problem is the pure virtual function. 

A pure virtual function is a function declared in a base class that has no 
definition relative to the base. As a result, any derived class must define its 
own version—it cannot simply use the version defined in the base. To 
declare a pure virtual function, use this general form: virtual type func- 
name(parameter-list) = 0; 

Here, type is the return type of the function, and func-name is the name of 
the function. Using a pure virtual function, you can improve the 
TwoDShape class. Since there is no meaningful concept of area for an 
undefined two-dimensional figure, the following version of the preceding 
program declares area() as a pure virtual function inside TwoDShape. This, 
of course, means that all classes derived from TwoDShape must override 
area(). 



// Use a pure virtual function* 

#include <iostream> 

#include <cstring> 

using namespace etd; 

//A class for two-dimensional objects* 
class TwoDShape { 

// these are private 
double width; 
double height ^ 

// add a name field 
char name(201; 
public 2 

// Default constructor* 

TwoDShapeO ( 

width = height = 0.0; 
strcpyfname, "unknown")? 

} 

// Constructor for TwoDShape. 

TwoDShape(double w, double h, char k n) { 
width = w; 
height - h; 
strcpyfname* n)? 


> 
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// Consfcriict object with equal width and height, 
TwoDShape(double sc, Char *nl { 
width a height s m 
gtrepyfname* n); 

} 

void showDim () ( 

cout « "Width and height are * << 

width « * and * c< height <c "Yn*i 

} 

// ac cess or f^mctiorus 
double gettfidtht) I return width; } 
double getHeightU { return height; } 
void aetWidth (double w.) { width * irj } 
void set Height (double hj { height s hi } 
char # gefc^ame(> { return nut; J 


// area O le now a pure virtual function 
virtual double area n « 0? 


* 


□reg[ | fo HOW 0 pure 
vsifod 



// Triangle is derived from TWoDShape* 
class Triangle s public TwoDShape ( 
char style£20]; // now private 


publics 

/* A default constructor. This automatically invokes’ 
the default constructor of TWoDShape- */ 

Triangle () { 

etrepYfsfcyle* "unknoiiin" | j 

) 

// Cons true tor with three parameters* 

Triangle(char *str, double w, 

double hi t TwoDShape jw, h, "triangle*) ( 
etrepy(styles sti 1 ) j 

i 

// Construct an isosceles triangle. 

Triangle(double x\ ? TwoBShapelx, "triangle"J { 
strepy (style* "isosceles*J ? 

1 

// This now overrides areaO declared in TwoDShape* 
double area () { 

return getWidthO * go t Height ( ) / 3j 


3 
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void showStyleO { 

ooilt « * Triangle? is " « style « *Xn*s 
J 

1; 

//A derived class of TwoDShape for rectangles* 

elassi Rectangle r public TwoDS&ap© C 

public: 


// Construct a rectangle* 

Rectangle trouble w* double h) ; 

TwoDShapeJw^ h* "rectangle") { J 

// Construct a square* 

Rectangle { doublex) ; 

TwoDShape Ex* * r ec tangle? ( 1 

bool isSquare() { 

IffgetWidthO ™ getHeightU) return true; 
return false; 

) 

// This is another override of areaO* 
double area {| { 

return getWidthO * getHeight{}; 

} 

}; 

int main(> ( 

// declare aft array of pollsters to TwoDShape objects* 
TwoDShape *shapes E4 ) ; 

shapes 10] s ^Triangle(’right*, B.0, 12*G)? 
shapes [1] a &Rec tangle [ 101; 
shapes PI ■ ScRec tangle (10 f 41; 
shapes[3] » £Triangle{7*0}/ 

for{int i=0; i < 4; i++) { 
cout « "object Is * « 

^yr ,[i] ->getName () c< w yn*; 

cout « is * « 

shapes Eli vir— (J « *\n*; 

cout « "Vn"; 

) 

return 0; 




If a class has at least one pure virtual function, then that class is said to be 
abstract. An abstract class has one important feature: there can be no 
objects of that class. To prove this to yourself, try removing the 
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override of area( ) from the Triangle class in the preceding program. You 
will receive an error when you try to create an instance of Triangle. Instead, 
an abstract class must be used only as a base that other classes will inherit. 
The reason that an abstract class cannot be used to declare an object is 
because one or more of its functions have no definition. Because of this, the 
shapes array in the preceding program has been shortened to 4, and a 
generic TwoDShape object is no longer created. As the program illustrates, 
even if the base class is abstract, you still can use it to declare a pointer of 
its type, which can be used to point to derived class objects. 

Module 10 Mastery Check 

A class that is inherited is called a_class. The class that 

does the inheriting is called a 

_ class. 

Does a base class have access to the members of a derived 
class? Does a derived class have access to the members of a base 
class? 

Create a derived class of TwoDShape called Circle. Include an 
area() function that computes the area of the circle. 

How do you prevent a derived class from having access to a 
member of a base class? 

Show the general form of a constructor that calls a base class 
constructor. 

Given the following hierarchy: 


in what order are the constructors for these classes 



called when a Gamma obj ect is instantiated? 


How can protected members be accessed? 

Abase class pointer can refer to a derived class object. Explain 
why this is important as it relates to function overriding. 

What is a pure virtual function? What is an abstract class? 

Can an object of an abstract class be instantiated? 

Explain how the pure virtual function helps implement the “one 
interface, multiple methods” aspect of polymorphism. 

class Alpha { ... 

class Beta :: public Alpha ( * ♦ „ 

Class Gama : public Bata ( . . . 
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Module 11 

The C++ I/O 
System 
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CRITICAL SKILL 11,12: Check I/O system status 37 


Since the beginning of this book you have been using the C++ I/O system, 
but you have been doing so without much formal explanation. Since the I/O 
system is based upon a hierarchy of classes, it was not possible to present 
its theory and details without first discussing classes and inheritance. Now 
it is time to examine the C++ I/O system in detail. The C++ I/O system is 
quite large, and it won’t be possible to discuss here every class, function, or 
feature, but this module will introduce you to the most important and 
commonly used parts. Specifically, it shows how to overload the « and » 
operators so that you can input or output objects of classes that you design. 
It describes how to format output and how to use I/O manipulators. The 
module ends by discussing file I/O. 

Old vs. Modern C++ I/O 

There are currently two versions of the C++ object-oriented I/O library in 
use: the older one that is based upon the original specifications for C++ and 
the newer one defined by Standard C++. The old I/O library is supported by 
the header file <iostream.h>. The new I/O library is supported by the header 
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<iostream>. For the most part, the two libraries appear the same to the 
programmer. This is because the new I/O library is, in essence, simply an 
updated and improved version of the old one. In fact, the vast majority of 
differences between the two occur beneath the surface, in the way that the 
libraries are implemented—not in how they are used. 

From the programmer’s perspective, there are two main differences 
between the old and new C++ I/O libraries. First, the new I/O library 
contains a few additional features and defines some new data types. Thus, 
the new I/O library is essentially a superset of the old one. Nearly all 
programs originally written for the old library will compile without 
substantive changes when the new library is used. Second, the old-style I/O 
library was in the global namespace. The new-style library is in the std 
namespace. (Recall that the std namespace is used by all of the Standard 
C++ libraries.) Since the old-style I/O library is now obsolete, this book 
describes only the new I/O library, but most of the information is applicable 
to the old I/O library as well. 


CRITICAL SKILL 11.1: C++ Streams 

The most fundamental point to understand about the C++ I/O system is that 
it operates on streams. A stream is an abstraction that either produces or 
consumes information. A stream is linked to a physical device by the C++ 
I/O system. All streams behave in the same manner, even if the actual 
physical devices they are linked to differ. Because all streams act the same, 
the same I/O functions and operators can operate on virtually any type of 
device. For example, the same method that you use to write to the screen 
can be used to write to a disk or to the printer. 

In its most common form, a stream is a logical interface to a file. As C++ 
defines the term “file,” it can refer to a disk file, the screen, the keyboard, a 
port, a file on tape, and so on. Although files differ in form and capabilities, 
all streams are the same. The advantage to this approach is that to you, the 
programmer, one hardware device will look much like any other. The 
stream provides a consistent interface. 


A stream is linked to a file through an open operation. A stream is 
disassociated from a file through a close operation. 



There are two types of streams: text and binary. A text stream is used with 
characters. When a text stream is being used, some character translations 
may take place. For example, when the newline character is output, it may 
be converted into a carriage return-linefeed sequence. For this reason, there 
might not be a one-to-one correspondence between what is sent to the 
stream and what is written to the file. A binary stream can be used with any 
type of data. No character translations will occur, and there is a one-to-one 
correspondence between what is sent to the stream and what is actually 
contained in the file. 

One more concept to understand is that of the current location. The 
current location (also referred to as the current position) is the location in a 
file where the next file access will occur. For example, if a file is 100 bytes 
long and half the file has been read, the next read operation will occur at 
byte 50, which is the current location. 
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To summarize: In C++, I/O is performed through a logical interface called a 
stream. All streams have similar properties, and every stream is operated 
upon by the same I/O functions, no matter what type of file it is associated 
with. A file is the actual physical entity that contains 

The C++ I/O System 

the data. Even though files differ, streams do not. (Of course, some devices 
may not support all operations, such as random-access operations, so their 
associated streams will not support these operations either.) 

The C++ Predefined Streams 

C++ contains several predefined streams that are automatically opened 
when your C++ program begins execution. They are cin, cout, cerr, and 
clog. As you know, cin is the stream associated with standard input, and 
cout is the stream associated with standard output. The cerr stream is linked 
to standard output, and so is clog. The difference between these two streams 
is that clog is buffered, but cerr is not. This means that any output sent to 
cerr is immediately output, but output to clog is written only when a buffer 
is full. Typically, cerr and clog are streams to which program debugging or 
error information is written. C++ also opens wide (16-bit) character 
versions of the standard streams called wcin, wcout, wcerr, and wclog. 
These streams exist to support languages, such as Chinese, that require 
large character sets. We won’t be using them in this book. By default, the 
C++ standard streams are linked to the console, but they can be redirected 
to other devices or files by your program. They can also be redirected by 
the operating system. 

CRITICAL SKILL 11.2: The C++ Stream 
Classes 

As you learned in Module 1, C++ provides support for its I/O system in 
<iostream>.Inthis header, a rather complicated set of class hierarchies is 
defined that supports I/O operations. The I/O classes begin with a system of 
template classes. As you will learn in Module 12, a template defines the 
form of a class without fully specifying the data upon which it will operate. 
Once a template class has been defined, specific instances of the template 



class can be created. As it relates to the I/O library, Standard C++ creates 
two specific versions of these template classes: one for 8-bit characters and 
another for wide characters. These specific versions act like any other 
classes, and no familiarity with templates is required to fully utilize the C++ 
I/O system. 

The C++ I/O system is built upon two related, but different, template 
class hierarchies. The first is derived from the low-level I/O class called 
basic_streambuf. This class supplies the basic, low-level input and output 
operations, and provides the underlying support for the entire C++ I/O 
system. Unless you are doing advanced I/O programming, you will not 
need to use basic_streambuf directly. The class hierarchy that you will most 
commonly be working with is derived from basic_ios. This is a high-level 
I/O class that provides formatting, error-checking, and status information 
related to stream I/O. (A base class for basic_ios is called ios_base, which 
defines several traits used by basic_ios.) basic_ios is used as 

base for several derived classes, including basic_istream, basic_ostream, 
and basic_iostream. These classes are used to create streams capable of 
input, output, and input/output, respectively. 
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As explained, the I/O library creates two specific versions of the I/O class 
hierarchies: one for 8-bit characters and one for wide characters. This book 
discusses only the 8-bit character classes since they are by far the most 
frequently used. Here is a list of the mapping of template class names to 
their character-based versions. 


Template Class Name 

Equivalent Character-Based Class Name 

bqsk*lrepmbuf 

sfreambrtjf 

basiejos 

ios 

basicj stream 

i stream 

basic ostream 

ostream 

ba$ic iostir0am 

iostream 

basic f stream 

fslream 

basicjfstnearn 

if stream 

basic_of stream 

ofstrwm 


The character-based names will be used throughout the remainder of this 
book, since they are the names that you will use in your programs. They are 
also the same names that were used by the old I/O library. This is why the 
old and the new I/O library are compatible at the source code level. 

One last point: The ios class contains many member functions and variables 
that control or monitor the fundamental operation of a stream. It will be 
referred to frequently. Just remember that if you include <iostream> in your 
program, you will have access to this important class. 












Progress Check 


What is a stream? What is a file? 


What stream is connected to standard 
output? 


C++ I/O is supported by a sophisticated set 
of class hierarchies. True or false? 


CRITICAL SKILL 11.3: Overloading the 
I/O Operators 


In the preceding modules, when a program needed to output or input the 
data associated with a class, member functions were created whose only 
purpose was to output or input the class’ data. While there is nothing, in 
itself, wrong with this approach, C++ allows a much better way of 
performing I/O operations on classes: by overloading the « and the » I/O 
operators. 
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In the language of C++, the « operator is referred to as the insertion 
operator because it inserts data into a stream. Likewise, the » operator is 
called the extraction operator because it extracts data from a 











stream. The operator functions that overload the insertion and extraction 
operators are generally called inserters and extractors, respectively. 

In <iostream>, the insertion and extraction operators are overloaded for all 
of the C++ built-in types. 

Here you will see how to define these operators relative to classes that you 
create. 

Creating Inserters 

As a simple first example, let’s create an inserter for the version of the 
ThreeD class shown here: 

class ThreeD { 
public : 

int x, y, z; // 3-D coordinates 

ThreeD(int a* int b, int c) ( x = a; y = b; z = c; } 


The C++ I/O System 

To create an inserter function for an object of type ThreeD, overload the « 
for it. Here is one way to do this: 

// Display X, Y, Z coordinates - ThreeD insorter* 
os t ream &operator« (os t ream. & stream, ThreeD obj) 

( 

stream « obj .x « ' r n ; 
stream << obj*y << % "; 
stream obj+s << m \n n ; 
return stream; // return the stream 



Let’s look closely at this function, because many of its features are common 
to all inserter functions. First, notice that it is declared as returning a 
reference to an object of type ostream. This declaration is necessary so that 
several inserters of this type can be combined in a compound I/O 
expression. Next, the function has two parameters. The first is the reference 
to the stream that occurs on the left side of the « operator. The second 
parameter is the object that occurs on the right side. (This parameter can 
also be a reference to the object, if you like.) Inside the function, the three 
values contained in an object of type ThreeD are output, and stream is 
returned. 

Here is a short program that demonstrates the inserter: 
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// Demonstrate a oustom inserter* 


4include <iofitream> 
using namespace std; 

class ThreeD ! 
public? 

int x* y M z; // 3-D coordinates 

ThreeDfinfc a* int h f int c> £ i: = a; y = bj % = e: } 

}f 

// Display X* Y, Z coordinates - ThreeD inserter* 

ostream fceperator<<(ostre-.w fcstream* ThreeD ohj} +—An ifweffctr For Three D 

I 

stream « obj .x « * t "; 
stream « obj , y « ■ * ■; 
stream « obj.s « *\n m s 
return itveeiyi // r&tura the itrm 

} 

Int fiaint) 
t 

ThreoD a(l# 3, 3), b(3i 4* 5>* 0(5# 6* 7) ? 

cout « a « b « d*-Use Three!* smarter lo 

oirtput coordinates, 

return 0? 

1 

This program displays the fill] owing output: 

1 , 2 * 3 

3 , 4 , 5 
5 , 6 , 7 



If you eliminate the code that is specific to the ThreeD class, you are left 
with the skeleton for an inserter function, as shown here: 

ostream kaperator<< (ostream ^stream, class^type ofoj) 
t 

// class specific code goes here 
return stream; // return the stream 


Of course, it is permissible for obj to be passed by reference. 

Within wide boundaries, what an inserter function actually does is up to 
you. However, good programming practice dictates that your inserter 
should produce reasonable output. Just make sure that you return stream. 


Using Friend Functions to Overload Inserters 
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In the preceding program, the overloaded inserter function is not a member 
of ThreeD. In fact, neither inserter nor extractor functions can be members 
of a class. The reason is that when an operator function is a member of a 
class, the left operand (implicitly passed using the this pointer) is an object 
of that class. There is no way to change this. However, when inserters are 
overloaded, the left operand is a stream, and the right operand is an object 
of the class being output. Therefore, overloaded inserters must be 
nonmember functions. 


The fact that inserters must not be members of the class they are defined to 
operate on raises a serious question: How can an overloaded inserter access 
the private elements of a class? In the preceding program, the variables x, 
y,and z were made public so that the inserter could access them. But hiding 
data is an important part of OOP, and forcing all data to be public is a 
serious inconsistency. However, there is a solution: an inserter can be a 
friend of a class. As a friend of the class for which it is defined, it has 
access to private data. Here, the ThreeD class and sample program are 
reworked, with the overloaded inserter declared as a friend: 

// Use a friend to overload «. 

#include <iostr#am> 
using namespace std; 


class ThreeD { 

int Xj y r z; // 3-D coordinates - now private 
public: 

ThreeDfint a* int b, int c) { 3C = a; y = b; z = c? 

f riend os t rearn k opera t or <<(o s tream &s t ream r Thr e eD 

}; 

// Display X* Y, Z coordinates - ThreeD inserter. 
os tr earn Scope rator<< tost ream & stream r ThreeD ob j f 
{ 


} 



ThreeD in tarter is 
now g It iend and has 
attest to private cJula. 


stream « obj \ 1 ; 

stream « obj ,y << H , fc ; 
stream << obj.s << "An p ; 
return stream; // return the stream 


} 


int mainO 
{ 

ThreeD a(1, 2, 3), b{3, 4, 3), c(5, 6, 7); 
eout << a « b << c; 


return 0 ? 




Notice that the variables x, y, and z are now private to ThreeD, but can 
still be directly accessed by the inserter. Making inserters (and extractors) 
friends of the classes for which they are defined preserves the encapsulation 
principle of OOP. 
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Overloading Extractors 

To overload an extractor, use the same general approach that you use when 
overloading an inserter. For example, the following extractor inputs 3-D 
coordinates into an object of type ThreeD. Notice that it also prompts the 
user. 

// Get three-dimensional values - ThreeD extractor, 
istreani koperator» (istream ^stream,, ThreeD £cobj) 

{ 

cent << * Enter X,Y F Z values: 
stream >> obj » obj . y >> obj , e ; 
re tu rn e t ream; 


An extractor must return a reference to an object of type istream. Also, the 
first parameter must be a reference to an object of type istream. This is the 
stream that occurs on the left side of the ». The second parameter is a 
reference to the variable that will be receiving input. Because it is a 
reference, the second parameter can be modified when information is input. 

The skeleton of an extractor is shown here: 

istream &operator>>(istream ^stream, object_type kobj} 

{ 

// put your extractor code here 
return stream; 


The following program demonstrates the extractor for objects of type 
ThreeD: 

















// Demonstrate a custom extractor. 


# include <i©®tr«am> 
using namespaco etd; 

class ThroeD { 

int x, y# a; // 3-D coordinates 
public i 

Thre^D^int a* int fe # infc c) [ x = a; y = b; z = cj } 
friend os bream & opera t or< < {osbream ksbream, TforeeD ofoj) * 
friend 1st ream ^operator»{is bream stream, ThreeD 
} ; 

// Display X, Y, 2 coordinates - Three© inserter* 
ostream fcopera t or« Cost ream totrerui, Three© obj) 

{ 

stream « obj *x « * * * j 
stream ©bj*y « *, m t 
stream « obj . z « - \n*? 
return stream; // return the stream 

I 

// Q&t three dimensional values - Three© extractor. 

is bream Jtoperat or >> fist ream tot ream. Three! ■ ftobj) + -director for Three D 

i 

cout « "Enter X,Y,£ values: *j 
stream >> obj-x » obj *y » obj *r; 
return stream; 

J 

int main () 

{ 

Three© a(l f 2 t 3 )t 

cotife « At 

ein » a; 
cout « a; 

return 0? 

} 



A sample run is shown here: 

1 , 2 , 3 

Enter X, Y, Z values: 567 
5 , 6 , 7 



Like inserters, extractor functions cannot be members of the class they are 
designed to operate upon. 

They can be friends or simply independent functions. 
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Except for the fact that you must return a reference to an object of type 
istream, you can do anything you like inside an extractor function. 
However, for the sake of structure and clarity, it is best to use extractors 
only for input operations. 

Progress Check 


What is an inserter? 


adjustfield 

basefield 

boolalpha 

dec 





fixed 

floatfield 

hex 

internal 





left 

oct 

right 

scientific 





showbase 

showpoint 

showpos 

skipws 





unitbuf 

uppercase 








What is an extractor? 

Why are friend functions often used for 
inserter or extractor functions? 


Formatted I/O 

Up to this point, the format for inputting or outputting information has been 
left to the defaults provided by the C++ I/O system. However, you can 
precisely control the format of your data in either of two ways. The first 
uses member functions of the ios class. The second uses a 

special type of function called a manipulator. We will begin by looking at 
formatting using the ios member functions. 

CRITICAL SKILL 11.4: Formatting with 































the ios Member F unctions 


Each stream has associated with it a set of format flags that control the way 
information is formatted by a stream. The ios class declares a bitmask 
enumeration called fmtflags in which the following values are defined. 
(Technically, these values are defined within ios_base, which is a base class 
for ios.) 
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These values are used to set or clear the format flags. Some older compilers 
may not define the fmtflags enumeration type. In this case, the format flags 
will be encoded into a long integer. 

When the skipws flag is set, leading whitespace characters (spaces, tabs, 
and newlines) are discarded when performing input on a stream. When 
skipws is cleared, whitespace characters are not discarded. 

When the left flag is set, output is left-justified. When right is set, output is 
right-justified. 

When the internal flag is set, a numeric value is padded to fill a field by 
inserting spaces between any sign or base character. If none of these flags is 
set, output is right-justified by default. 

By default, numeric values are output in decimal. However, it is possible to 
change the number base. Setting the oct flag causes output to be displayed 
in octal. Setting the hex flag causes output to be displayed in hexadecimal. 
To return output to decimal, set the dec flag. 

Setting showbase causes the base of numeric values to be shown. For 
example, if the conversion base is hexadecimal, the value IF will be 
displayed as OxlF. 

By default, when scientific notation is displayed, the e is in lowercase. 
Also, when a hexadecimal value is displayed, the x is in lowercase. When 
uppercase is set, these characters are displayed in uppercase. 

Setting showpos causes a leading plus sign to be displayed before positive 
values. Setting showpoint causes a decimal point and trailing zeros to be 
displayed for all floating-point output—whether needed or not. 

By setting the scientific flag, floating-point numeric values are displayed 
using scientific notation. When fixed is set, floating-point values are 
displayed using normal notation. When neither flag is set, the compiler 
chooses an appropriate method. 

When unitbuf is set, the buffer is flushed after each insertion operation. 
When boolalpha is set, Booleans can be input or output using the keywords 
true and false. 



Since it is common to refer to the oct, dec, and hex fields, they can be 
collectively referred to as basefield. Similarly, the left, right, and internal 
fields can be referred to as adjustfield. 

Finally, the scientific and fixed fields can be referenced as floatfield. 

Setting and Clearing Format Flags 

To set a flag, use the setf() function. This function is a member of ios. Its 
most common form is shown here: 

fmtflags setf(fmtflags flags); 

This function returns the previous settings of the format flags and turns on 
those flags specified by flags. 

For example, to turn on the showbase flag, you can use this statement: 
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stream.setf(ios::showbase); 

Here, stream is the stream you want to affect. Notice the use of ios:: to 
qualify showbase. Because showbase is an enumerated constant defined by 
the ios class, it must be qualified by ios when it is referred to. This principle 
applies to all of the format flags. 

The following program uses setf( ) to turn on both the showpos and 
scientific flags: 

/ / Use set f n . 


ftinclude <iostr<?am> 
using namespace std; 

int mainU 
( 

// Turn on showpos an d scienti fic flags, 
cout„set f fios: l showpos)? 
cout,setf fios::scientific); 


cout << 121 << w " << 123 + 23 << 


Sat formed flag using s*rf( |. 


return 0; 

} 


The output produced by this program is shown here: 


+123 +1.232300e+002 



You can OR together as many flags as you like in a single call. For 
example, by ORing together scientific and showpos, as shown next, you can 
change the program so that only one call is made to setf(): 

cout.setf(ios::scientific | ios::showpos); 

To turn off a flag, use the unsetf() function, whose prototype is shown here: 
void unsetf(fmtflags flags); The flags specified by flags are cleared. (All 
other flags are unaffected.) 

Sometimes it is useful to know the current flag settings. You can retrieve 
the current flag values using the flags() function, whose prototype is shown 
here: fmtflags flags(); 

This function returns the current value of the flags relative to the invoking 
stream. The following form of flags() sets the flag values to those specified 
by flags and returns the previous flag values: fmtflags flags(fmtflags flags); 
The following program demonstrates flags() and unsetf(): 


12 














// Demonstrate flags (J and unset f ft ■ 
ftinclud# <iMtrtr 4 m> 

using namejspe.ce stdjr 

int jnainO 

( 

loss:fmtflag^ t; 

£ b dout. flags (| r 4 - GeMta fonral flog-i* 


i£{£ & iosT :showpas) 

emit « "^bowpos is Mt for eoufc*\n,"s 
else 

cout « *sbowpoE is cleared for cout. \n" f 


cont << * \nSetting showpos for cout - \n m } 
coiit * self (ios i - showpos) j 


ee-ut - flags () j 


n 

Sen shcwpos- \ 


if(f & iosjisbowpos} 

cout « "showpos is ssfc for cauttXn*; 
else 


cout « ^showpos is cleared for cout.^j 


cout << " \nClearing showpos for cout.'n"; 
oout - unsetf {ios 31 stuowpoe} j < 1 

f = cout. flags o t Ckw ^ sl,owpoi ^' 

if {f 4 lost ;J7inmpofi) 

cout « "ntboivpoa is s&t for cout*\n w s 
else 

cout <* v i 3 unofl is cliixvd for cout-\n’j 


return Oj 





The program produces this output: 

showpos is cleared for cout. 

Setting showpos for cout. 
showpos is set for cout. 

Clearing showpos for cout. 
showpos is cleared for cout. 

In the program, notice that the type fmtflags is preceded by ios:: when f is 
declared. This is necessary since fmtflags is a type defined by ios. In 
general, whenever you use the name of a type or enumerated constant that 
is defined by a class, you must qualify it with the name of the class. 


Setting the Field Width, Precision, and Fill Character 
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In addition to the formatting flags, there are three member functions defined 
by ios that set these additional format values: the field width, the precision, 
and the fill character. The functions that set these values are width( ), 
precision(), and fill(), respectively. Each is examined in turn. 

By default, when a value is output, it occupies only as much space as the 
number of characters it takes to display it. However, you can specify a 
minimum field width by using the width() function. Its prototype is shown 
here: 

streamsize width(streamsize w); 

Here, w becomes the field width, and the previous field width is returned. 
In some implementations, the field width must be set before each output. If 
it isn’t, the default field width is used. The streamsize type is defined as 
some form of integer by the compiler. 

After you set a minimum field width, when a value uses less than the 
specified width, the field will be padded with the current fill character 
(space, by default) to reach the field width. If the size of the value exceeds 
the minimum field width, then the field will be overrun. No values are 
truncated. 

When outputting floating-point values in scientific notation, you can 
determine the number of digits to be displayed after the decimal point by 
using the precision() function. Its prototype is shown here: 

streamsize precision(streamsize p); 

Here, the precision is set to p, and the old value is returned. The default 
precision is 6. In some implementations, the precision must be set before 
each floating-point output. If you don’t set it, the default precision is used. 

By default, when a field needs to be filled, it is filled with spaces. You can 
specify the fill character by using the fill() function. Its prototype is 

char fill(char ch); 

After a call to fill(), ch becomes the new fill character, and the old one is 
returned. 


Here is a program that demonstrates these three functions: 
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// Demonstrate width f), precision {} F and £illO- 


#include <iostream> 
iasing name^piic© etdf 


1st mainU 

{ 

cout. cetf (ios i : showpo?) ; 
oout.setf(ios;;scientific); 

cout « 121 « * w « 121,21 SikprecWdi 

cout,precision(2) ; // two digits after decimal point 
cout - width (10); // in a field of IQ characters 

cout « 121 « * "t | 

cout* width (10 ); // set. width to 10 SH fi&Wwidth, 

cout « 121.22 « *\n*j 


cout-fill(’**)* 
cout - width (10) i 
cout « 123 << * 
cout .width (10) j 
COUt « 123 *231 


// fill using W » . ■ S<nK»fin character- 

// in a field of 10 characters 

// set width to 10 


return 0; 

) 


T3k? pmgnun displays this uutputi 

+ 122 +1,222100e+0 02 

+123 *1 * 2 Sft+002 
mWi XI3 +l-23**4®3 



As mentioned, in some implementations, it is necessary to reset the field 
width before each output operation. This is why width( ) is called 
repeatedly in the preceding program. There are overloaded forms of width( 
), precision(), and fill() that obtain, but do not change, the current setting. 
These forms are shown here: 

char fill(); streamsize width(); streamsize precision(); 

Progress Check 


What does boolalpha do? 

What does setf() do? 

What function is used to set the fill 
character? 
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CRITICAL SKILL 10.5: Using I/O 
Manipulators 

The C++ I/O system includes a second way in which you can alter the 
format parameters of a stream. This method uses special functions, called 
manipulators, that can be included in an I/O expression. The standard 
manipulators are shown in Table 11-1. To use those manipulators that take 
arguments, you must include <iomanip> in your program. 


Manipulator 

Purpose 

Input/Output 




boolalpha 

Turns on boolalpha flag 

Input/Output 




dec 

Turns on dec flag 

Input/Output 




endl 

Outputs a newline character and flushes 
the 

Output 


stream 


ends 

Outputs a null 

Output 




fixed 

Turns on fixed flag 

Output 




flush 

Flushes a stream 

Output 




hex 

Turns on hex flag 

Input/Output 




internal 

Turns on internal flag 

Output 




left 

Turns on left flag 

Output 




noboolalpha 

Turns off boolalpha flag 

Input/Output 




noshowbase 

Turns off showbase flag 

Output 




noshowpoint 

Turns off showpoint flag 

Output 




noshowpos 

Turns off showpos flag 

Output 




noskipws 

Turns off skipws flag 

Input 




nounitbuf 

Turns off unitbuf flag 

Output 





nouppercase 


Turns off uppercase flag 


Output 





















































































































































oct 

Turns on oct flag 

Input/Output 




resetiosflags (fmtflags 

f) 

Turns off the flags specified in f 

Input/Output 




right 

Turns on right flag 

Output 




scientific 

Turns on scientific flag 

Output 




setbase(int base) 

Sets the number base to base 

Input/Output 




setfill(int ch) 

Sets the fill character to ch 

Output 




setiosflags(fmtflags f) 

Turns on the flags specified in f 

Input/Output 




setprecision (int p) 

Sets the number of digits of precision 

Output 




setw(int w) 

Sets the field width to w 

Output 




showbase 

Turns on showbase flag 

Output 




showpoint 

Turns on showpoint flag 

Output 





Table 11-1 The C++ I/O Manipulators 
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A 

Manipulator 

Purpose 

Input/Output 






showpos 

Turns on showpos flag 

Output 






skipws 

Turns on skipws flag 

Input 






unitbuf 

Turns on unitbuf flag 

Output 






uppercase 

Turns on uppercase flag 

Output 






ws 

Skips leading whitespace 

Input 







Table 11-1 The C++ I/O Manipulators (continued) 


manipulator is used as part of a larger I/O expression. Here is a sample 
program that uses manipulators to control the format of its output: 

// Demonstrate an I/O manipulator. 

#include <ioatream> 
ftinclude <iomanip> 
using namespace std; 


int main(') 

t 

cotit << setprecision ( 2 ) « 1000.243 << endl; 
cout << setw(20) << "Hello there, h ; 


return 0? 


the I/O manipulator*. 


> 


It produces this output: 


le+003 


Hello there. 








































Notice how the manipulators occur in the chain of I/O operations. Also, 
notice that when a manipulator does not take an argument, such as endl in 
the example, it is not followed by parentheses. 

The following program uses setiosflags() to set the scientific and showpos 
flags: 

// Us© setiosflags() . 

^include <iostr©am> 
ft include <ioinanip> 
using namespace std; 
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int main 

: , ■ “ ■ 

of 




« n 


{1 z>s : : 
n 123.23J 

“■ ■ O'-. - ■ » r 




return 


} 


^-Use sKdsI fogsi}. 

Z* . .v ■ 


The program shown next uses ws to skip any leading whitespace when 
inputting a string into s: 

// Sftip leading whitespace* 

ftinclude <iostream> 
using namespace std; 

int mainn 
{ 

char s [SO) ; 

cin >> ws » s ; ■#-Use ws. 

cout << s; 

return 0; 

} 



CRITICAL SKILL 11.6: Creating Your 
Own Manipulator Functions 

You can create your own manipulator functions. There are two types of 
manipulator functions: those that take arguments and those that don’t. The 
creation of parameterized manipulators requires the use of techniques 
beyond the scope of this book. However, the creation of parameterless 
manipulators is quite easy and is described here. 

All parameterless manipulator output functions have this skeleton: 

os &ma ni p^name (ost ream & s t r earn ) 

{ 

// your code hero 
return stream; 

J 


Here, manip_name is the name of the manipulator. It is important to 
understand that even though the manipulator has as its single argument a 
pointer to the stream upon which 

it is operating, no argument is specified when the manipulator is used in an 
output expression. 

The following program creates a manipulator called setup( ) that turns on 
left justification, sets the field width to 10, and specifies that the dollar sign 
will be the fill character. 
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// -Create an output manipulator. 

# Inc lude <a qb treani> 

#inelude < romanip> 
using namespace sfcd; 


ob tr eatn & 0 @ t up (o u l vam & b tr eam} 4 -A custom cutput wnipvbtor 

t 

stream.aett£ips s sleft); 

stream « setwfioji « ,x j j 

return stream;, 

int maia.O 

cout << EG 11 n « setup « id; 

returned! 

it 


Custom manipulators are useful for two reasons. First, you might need to 
perform an I/O operation on a device for which none of the predefined 
manipulators applies—a plotter, for example. In this case, creating your 
own manipulators will make it more convenient when outputting to the 
device. Second, you may find that you are repeating the same sequence of 
operations many times. You can consolidate these operations into a single 



manipulator, as the foregoing program illustrates. 

All parameterless input manipulator functions have this skeleton: 

1st ream kmanip_iiaM (istreari k stream) 

( 

// your code hore 
return stream; 

} 


For example, the following program creates the prompt( ) manipulator. It 
displays a prompting message and then configures input to accept 
hexadecimal. 
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// Create an input manipulator. 


#include Piastre am> 

4include <ioinanip* 
using namespace sfcd; 

istrearn «prompt {1stream Itetream) *--A custom input manipulala' 

{ 

ein » hex; 

■court « *Enter number using hex format: " ; 
ntum atm; 

} 

int main() 

! 

int lj 

oifl » prompt » ij 
cout « i; 

return 0; 

) 



Remember that it is crucial that your manipulator return stream. If this is 
not done, then your manipulator cannot be used in a chain of input or output 
operations. 


‘f' 

l Progress Check 


What does endl do? 

What does ws do? 

Is an I/O manipulator used as part of a 
larger I/O expression? 


File I/O 


You can use the C++ I/O system to perform file I/O. To perform file I/O, 
you must include the header <fstream> in your program. It defines several 
important classes and values. 

CRITICAL SKILL 11.7: Opening and 
Closing a File 

In C++, a file is opened by linking it to a stream. As you know, there are 
three types of streams: input, output, and input/output. To open an input 
stream, you must declare the stream to be of class ifstream. 
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To open an output stream, it must be declared as class ofstream. A stream 
that will be performing both input and output operations must be declared 
as class fstream. For example, this fragment creates one input stream, one 
output stream, and one stream capable of both input and output: 

ifstr&ain in; // input 
qfstreaLfin out; // output 
fstream both; // input an 6 . output 


Once you have created a stream, one way to associate it with a file is by 
using open( ).This function is a member of each of the three stream classes. 
The prototype for each is shown here: 

void if stream ::open( const char * filename* 

ios;; open mode mode** ios;: in}; 
void o fstream: :opcn{ const char * filename * 

ios:: open mode mode — ios::out ios: :tnmc); 
void tstream: :Open(const char ^filename, 

i os: :o pe n mode mode ~ i os:: in ios: :out); 


Here, filename is the name of the file; it can include a path specifier. The 
value of mode determines how the file is opened. It must be one or more of 
the values defined by openmode, which is an enumeration defined by ios 
(through its base class ios_base). The values are shown here: 

ios::app 
ios:: ate 
ios "binary 
ios:: in 


ios::out 
ios:: triune 



You can combine two or more of these values by ORing them together. 
Including ios::app causes all output to that file to be appended to the end. 
This value can be used only with files capable of output. Including ios::ate 
causes a seek to the end of the file to occur when the file is opened. 
Although ios::ate causes an initial seek to end-of-file, I/O operations can 
still occur anywhere within the file. 

The ios::in value specifies that the file is capable of input. The ios::out 
value specifies that the file is capable of output. 

The ios::binary value causes a file to be opened in binary mode. By default, 
all files are opened in text mode. In text mode, various character 
translations may take place, such as carriage return-linefeed sequences 
being converted into newlines. However, when a file is opened in binary 
mode, no such character translations will occur. Understand that any file, 
whether it contains formatted text or raw data, can be opened in either 
binary or text mode. The only difference is whether character translations 
take place. 
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The ios::trunc value causes the contents of a preexisting file by the same 
name to be destroyed, and the file to be truncated to zero length. When 
creating an output stream using ofstream, any preexisting file by that name 
is automatically truncated. 

The following fragment opens a text file for output: 

ofstream mystream; mystream.open( M test M ); 

Since the mode parameter to open( ) defaults to a value appropriate to the 
type of stream being opened, there is often no need to specify its value in 
the preceding example. (Some compilers do not default the mode parameter 
for fstream::open() to in | out, so you might need to specify this explicitly.) 

If open( ) fails, the stream will evaluate to false when used in a Boolean 
expression. You can make use of this fact to confirm that the open operation 
succeeded by using a statement like this: 

if(! mystream) { 

coiit « "Cannot open fileAn"; 

// handle error } 

In general, you should always check the result of a call to open( ) before 
attempting to access the file. You can also check to see if you have 
successfully opened a file by using the is_open( ) function, which is a 
member of f stream, if stream, and ofstream. It has this prototype: 

bool is_open(); 

It returns true if the stream is linked to an open file and false otherwise. For 
example, the following checks if mystream is currently open: 

if(!mystream.is_open()) { 
cout « "File is not openAn"; 

II... 

Although it is entirely proper to use the open() function for opening a file, 
most of the time you will not do so because the ifstream, ofstream, and 
fstream classes have constructors that automatically open the file. The 
constructors have the same parameters and defaults as the open() function. 



Therefore, the most common way you will see a file opened is shown in 
this example: 

ifstream mystream( M myfile M ); // open file for input 

If, for some reason, the file cannot be opened, the value of the associated 
stream variable will evaluate to false. To close a file, use the member 
function close( ). For example, to close the file linked to a stream called 
mystream, you would use this statement: 

mystream.close(); 

The close() function takes no parameters and returns no value. 
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CRITICAL SKILL 11.8: Reading and 
Writing Text Files 

The easiest way to read from or write to a text file is to use the « and » 
operators. For example, this program writes an integer, a floating-point 
value, and a string to a file called test: 

// Writ* to fil*. 

#include <iostream> 

#include <t streams 
using namespace std; 

int nainO 
{ 

o 1 s1 r e am on t (" t es t *) ; 4 - < nd open o Fi te eo lied 

i f U out > ( W for tod output 

cout « "Cannot open £ile.\n" r + 
return 1; 

) 

out « 10 << r « 123.23 << n \n" ? *-Quarto the fite, 

out << "This is a short text file + H ? 

out .close O ; 4 -■ do$* the file. 

return 0; 


) 





The following program reads an integer, a float, a character, and a string 
from the file created by the previous program: 
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// Read from file 


# include <i.omfcrwaan> 

#include 

using- namespace std f - 
int mainO 

I 

char chi 
int i; 
float fJ 
char stx[£0)j 


if stream in (■ teat H } i 4- Open o file far tact input 

cout « "Caimot open CileuVn"; 
mtua 1 ? 


in » i; 
in » ff 
in » ch; 
in » s tr; 


Read from 1 H-f file. 


cant « i « " * « f « ■ w << ch « * Vn" j 
spat « strt 

In.fllDsaflr ^-Cbseltafile 

return 0 ? 



Keep in mind that when the » operator is used for reading text files, 
certain character translations occur. For example, whitespace characters are 
omitted. If you want to prevent any character translations, you must open a 
file for binary access. Also remember that when » is used to read a string, 
input stops when the first whitespace character is encountered. 

Ask the Expert 


Q* As you explained in Module 1, C++ is a superset of C. I know that C 

defines an I/O system of its own. Is the C I/O system available to C++ 
programmers? If so, should it be used in C++ programs? 


A: The answer to the first question 

to C++ programmers. The 




answer to the second question is a qualified no. The C I/O system is not 
object-oriented. Thus, you will nearly always find the C++ I/O system more 
compatible with C++ programs. However, the C I/O system is still widely 
used and is quite streamlined, carrying little overhead. Thus, for some 
highly specialized programs, the C I/O system might be a good choice. 
Information on the C I/O system can be found in my book C++: The 
Complete Reference (Osborne/McGraw-Hill). 
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Prog ress Check 


What class creates an input file? 

What function opens a file? 

Can you read and write to a file using « 
and »? 


CRITICAL SKILL 11.9: Unformatted and 
Binary I/O 

While reading and writing formatted text files is very easy, it is not always 
the most efficient way to handle files. Also, there will be times when you 
need to store unformatted (raw) binary data, not text. The functions that 
allow you to do this are described here. 

When performing binary operations on a file, be sure to open it using the 
ios::binary mode specifier. Although the unformatted file functions will 
work on files opened for text mode, some character translations may occur. 
Character translations negate the purpose of binary file operations. 

In general, there are two ways to write and read unformatted binary data to 
or from a file. First, you can write a byte using the member function put(), 
and read a byte using the member function get(). The second way uses the 
block I/O functions: read() and write(). Each is examined here. 

Using get() and put() 

The get() function has many forms, but the most commonly used version is 
shown next, along with that of put(): 

istream &get(char &ch); ostream &put(char ch); 

The get() function reads a single character from the associated stream and 



puts that value in ch. It returns a reference to the stream. This value will be 
null if the end of the file is reached. The put( ) function writes ch to the 
stream and returns a reference to the stream. 

The following program will display the contents of any file on the screen. It 
uses the get() function: 
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// Display a file using getC). 


#include <eiostream> 
#include <fstre^n> 
using namespace atdi 


int aiain{int arge, char *argv[J> 
{ 

char ch; 


if{arge|B 3 J f 

cout « "Dsages PR <f ilename>\a" r 

return 1; 

} 


Open the file Far 
binary operatenj 


J 


ifstream in [srgvil] , iosiiin | io©; ibinaryj j 

lffllnj { 

coufc « “Cannot open file An" £ 

return 1; Kead data Vffti fee end 

} of hhe File h reached. 


while (in) { // in will be false when eof is reached 
in*g«tfch}; 
if(in) coat « chi 

) 

in„close(J; 


j 


return 0; 

} 



Look closely at the while loop. When in reaches the end of the file, it will 
be false, causing the while loop to stop. 

There is actually a more compact way to code the loop that reads and 
displays a file, as shown here: 

while(in.get(ch)) coiit« ch; 

This form works because get( ) returns the stream in, and in will be false 
when the end of the file is encountered. This program uses put() to write a 
string to a file. 


26 














« ■ V 4" 1 1 li" “I I "li ■ ■ 

// Use putf) to WTrlfce to a file. 


#include 

. i. ■ 



#include <fstream> 
usiiig rpmespgEe std; 


in: juaind 
f 

Cll&T" *p ■ “ 



o f H t r e -TO fiflit'C’ - t«ti a j 

STUMib *S 



coat « 

i 

r ~ " ‘- pa r? ■ Mil - 




// Writs* feiti;arictarjif until tolXrtSifiiS| 5 SflWfli|jr'''-i^ 

ifit'SiSft E*p.++J j 


n 


out.* close!)* 


Write a siring to a file using put{ ]. 
Ho character feranskHom w|| occur. 


return 






After this program executes, the file test will contain the string “hello there” 
followed by a newline character. No character translations will have taken 
place. 

Reading and Writing Blocks of Data 

To read and write blocks of binary data, use the read() and write() member 
functions. Their prototypes are shown here: 

istream &read(char *buf, streamsize num); ostream &write(const char *buf, 
streamsize num); 

The read( ) function reads num bytes from the associated stream and puts 
them in the buffer pointed to by buf. The write() function writes num bytes 
to the associated stream from the buffer pointed to by buf. As mentioned 
earlier, streamsize is some form of integer defined by the C++ library. It is 
capable of holding the largest number of bytes that can be transferred in any 
one I/O operation. 

The following program writes and then reads an array of integers: 
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// Use read() and writeU. 


# include <io streams* 

8 include <fstream> 
using naraespace std? 

int roainQ 
C 

int ftfSJ * {1, 2, 3, 4, SJj 
register int if 

ofstream out("test'* ios;tout | ios i t binary)j 
if(lout) ( 

cout « "Cannot open file,\n"f 

return If 

) 

out .write ((char *)• be, siseof n); a Write a block of data, 

out.closed ; 


for(i=0| i<5; i++J // clear array 
n[£] = 0; 

ifstream in("test*, ios:tin | ios::binary); 
if{!inf £ 

coat <* "Cannot open file.\n* f f 
return 1; 

} 

in* road ( (c&aar *) tn, sizeof n> ; * --Read a block of data. 

for(i=C; i<5j i++) if show values read from file 
coot « nil] « * 


in. close O ; 


return 0; 


1 



Note that the type casts inside the calls to read() and write() are necessary 
when operating on a buffer that is not defined as a character array. 

If the end of the file is reached before num characters have been read, then 
read() simply stops, and the buffer will contain as many characters as were 
available. You can find out how many characters have been read using 
another member function, called gcount(), which has this prototype: 

streamsize gcount(); 

gcount() returns the number of characters read by the last input operation. 
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Prog ress Check 


To read or write binary data, you open a 
file using what mode specifier? 

What does get() do? What does put() do? 

What function reads a block of data? 


CRITICAL SKILL 11.10: More I/O 
Functions 

The C++ I/O system defines other I/O related functions, several of which 
you will find useful. They are discussed here. 

More Versions of get() 

In addition to the form shown earlier, the get( ) function is overloaded in 
several different ways. The prototypes for the three most commonly used 
overloaded forms are shown here: 

istream &get(char *buf, streamsize num); istream &get(char *buf, 
streamsize num, char delim); int get(); 

The first form reads characters into the array pointed to by buf until either 
num-1 characters have been read, a newline is found, or the end of the file 
has been encountered. The array pointed to by buf will be null-terminated 
by get( ). If the newline character is encountered in the input stream, it is 
not extracted. Instead, it remains in the stream until the next input 
operation. 

The second form reads characters into the array pointed to by buf until 
either num-1 characters have been read, the character specified by delim 
has been found, or the end of the file has been encountered. The array 
pointed to by buf will be null-terminated by get(). If the delimiter character 



is encountered in the input stream, it is not extracted. Instead, it remains in 
the stream until the next input operation. 

The third overloaded form of get( ) returns the next character from the 
stream. It returns EOF (a value that indicates end-of-file) if the end of the 
file is encountered. EOF is defined by <iostream>. 

One good use for get( ) is to read a string that contains spaces. As you 
know, when you use » to read a string, it stops reading when the first 
whitespace character is encountered. This makes » useless for reading a 
string containing spaces. However, you can overcome this problem by using 
get(buf, num), as illustrated in this program: 
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// Uee to read a string that contains spaces* 


ftinclude <io&treaia> 
ftincludi’ *£stream^ 
Using namespace sfcd> 

Itit maxjiQ 

I ‘ ' ' 

char strfBO]; 


□out^ ,l Ent^|ET ; jjjSj^gfe rtanne-: 

©out « sir •«••• * ‘ ; 


k 

* 


Use get(} to read □ string 
that contains whifespaee. 


return 0 ; 

f 


Here, the delimiter to get() is allowed to default to a newline. This makes 
get() act much like the standard gets() function. 


getline() 

Another function that performs input is getline( ). It is a member of each 
input stream class. Its prototypes are shown here: 


istream &getline(char *buf, streamsize num); istream &getline(char *buf, 



streamsize mim, char delim); 

The first form reads characters into the array pointed to by buf until either 
num-1 characters have been read, a newline character has been found, or 
the end of the file has been encountered. 

The array pointed to by buf will be null-terminated by getline( ). If the 
newline character is encountered in the input stream, it is extracted, but is 
not put into buf. 

The second form reads characters into the array pointed to by buf until 
either num-1 characters have been read, the character specified by delim 
has been found, or the end of the file has been encountered. The array 
pointed to by buf will be null-terminated by getline( ). If the delimiter 
character is encountered in the input stream, it is extracted, but is not put 
into buf. 

As you can see, the two versions of getline() are virtually identical to the 
get(buf, num) and get(buf, num, delim) versions of get( ). Both read 
characters from input and put them into the array pointed to by buf until 
either num-1 characters have been read or until the delimiter character is 
encountered. The difference between get( ) and getline( ) is that getline( ) 
reads and removes the delimiter from the input stream; get() does not. 



Detecting EOF 











You can detect when the end of the file is reached by using the member 
function eof(), which has this prototype: 

bool eof(); 

It returns true when the end of the file has been reached; otherwise it returns 
false. 

peek() and putback() 

You can obtain the next character in the input stream without removing it 
from that stream by using peek(). It has this prototype: 

int peek(); 

peek() returns the next character in the stream, or EOF if the end of the file 
is encountered. The character is contained in the low-order byte of the 
return value. You can return the last character read from a stream to that 
stream by using putback(). Its prototype is shown here: 

istream &putback(char c); 

where c is the last character read. 

flush() 

When output is performed, data is not immediately written to the physical 
device linked to the stream. Instead, information is stored in an internal 
buffer until the buffer is full. Only then are the contents of that buffer 
written to disk. However, you can force the information to be physically 
written to disk before the buffer is full by calling flush( ). Its prototype is 
shown here: 

ostream &flush(); 

Calls to flush() might be warranted when a program is going to be used in 
adverse environments (in situations where power outages occur frequently, 
for example). 


NOTE: 


Closing a file or terminating a program also flushes all buffers. 



Project 11-1 


A File Comparison Utility 


This project develops a simple, yet useful file comparison utility. It works 

by opening both files to be compared and then reading and comparing each 
corresponding set of bytes. If a mismatch is found, the files differ. If the end 
of each file is reached at the same time and if no mismatches have been 
found, then the files are the same. 

Step by Step 
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Create a file called CompFiles.cpp. 


Begin by adding these lines to CompFiles.cpp: 

^include <iostream> 
ttinclude <£streajn> 
using namespace std; 

int main(int argc r char *arg 1 / [ ] ) 

{ 

register int i; 

unsigned char bu£l[X024], bu£2[1024]; 
if(argcl= 3 ) { 

eout « *Usage; compfiles <fiie2>\n* ;■ 

return 1; 

} 


Notice that the names of the files to compare are 
specified on the command line. 

Add the code that opens the files for binary input operations, as 
shown here: 



ios::binary); 


i f s tr earn £l(argv[lj, ios:sin 

if(! f 1) { 

cout << "Cannot open first file An"; 
return 1; 


} 


ifstream £2{argv[2], ios:?in 
if <!f^) { 

cout << n Cannot open second 
return 1; 

} 


ios:tbinary); 
file An"; 


The files are opened for binary operations to prevent 
the character translations that might occur in text mode. 

Add the code that actually compares the files, as shown next: 

cout << "Comparing files, T „\n"; 
do { 

f1.read{{char M bufl* sizeof bufl); 
f2,read{{char M buf2„ sizeof buf2)? 

if(f1.gcountO != f2.gcount{}) { 

cout << "Files are of differing sizes An"; 
f1* close(J; 
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£2 icloset) i 
return 0; 

* 

/ / compare cent exits off 'fri^fors 

t= ^ 

£1 , () * 
f2 >closet); 
return d? 

1 

) ^^^ { 4 f i I W* 4J3. ^USSE^l I t 

cout ^< N Piles are tlie.-samo ,\n" j 


This code reads one buffer at a time from each of the 
files using the read( ) function. It then compares the 
contents of the buffers. If the contents differ, the files 
are closed, the “Files differ.” message is displayed, and 
the program terminates. Otherwise, buffers continue to 
be read and compared until the end of one (or both) 
files is reached. Because less than a full buffer may be 
read at the end of a file, the program uses the gcount() 
function to determine precisely how many characters 
are in the buffers. If one of the files is shorter than the 



other, the values returned by gcount() will differ when 
the end of one of the files is reached. In this case, the 
message “Files are of differing sizes.” will be 
displayed. Finally, if the files are the same, then when 
the end of one file is reached, the other will also have 
been reached. This is confirmed by calling eof( ) on 
each stream. If the files compare equal in all regards, 
then they are reported as equal. 

Finish the program by closing the files, as shown here: fi.ciose(); 

f2.close(); return 0; } 

The entire FileComp.cpp program is shown here: 

/* 

Project 11-1 

Create a file comparison utility- 
V 


#include <iostrearu> 

tfinclude <fstream> 
using namespace std; 

int mainfint argc, char *argv[l) 
( 

register int i; 


unsigned char bufl[XG24Jj buf2[10241; 
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il{argc!>3) { 

cout « # Usage: compfiles <filel> <file2>\n 
return 1; 

) 

if stream fl(argv[l] t iwiila | ios: : binary); 
if{ifl) { 

cout « ’Cannot open first file.\n"f 
return 1; 

> 

ifstream £2(argv[2], iossiin ] iosssbinary )t 
if{! f2) ( 

cout « 'Cannot open second file.\n'* 
return 1? 

} 

cout « "Comparing files.\n"; 
do { 

f1 ,read ( {char *} bufl, sizeof buf1); 
f2,read((char *3 buf2, sizeof buf2>: 

if(fl.gcountU l> f2.gcount(H { 
cout « "Files are of differing sizes, vn.” 
f1.close (}i 
f2.closeO ' 
return 0; 

> 

// compare contents of buffers 
for fi=G t i<£l.gcount { 3; i++) 
if (buf Hi] 1= buf 2 ]i] 3 { 
cout << "Files differ.\n"; 
f1,close(3; 
f2.close O* 
return 0; 

] 

} while (tfl.eofH && 5f2.eofO>; 

cout « "Files are the saneAn'i 

fl.close(3 1 
£2, close U * 


return 0? 
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To try CompFiles, first copy CompFiles.cpp to a file called 
temp.txt. Then, try this command line: 

CompFiles CompFiles.temp txt 

The program will report that the files are the same. 
Next, compare CompFiles.cpp to a different file, such 
as one of the other program files from this module. You 
will see that CompFiles reports that the files differ. 

On your own, try enhancing CompFiles with various options. 
For example, add an option that ignores the case of letters. 
Another idea is to have CompFiles display the position within the 
file where the files differ. 

CRITICAL SKILL 11 . 11 : Random Access 

So far, files have been read or written sequentially, but you can also access 
a file in random order. In C++’s I/O system, you perform random access 
using the seekg( ) and seekp( ) functions. Their most common forms are 
shown here: 

[stream &seekg(off type offset, seekdiron^/n); 
ostream &seekp(off type offset 9 seekdir origin); 


Here, 


Value 

Meaning 



iosubeg 

Beginning of file 



iosucur 

Current location 



iosnend 

End of file 




off_type is an integer type defined by ios that is capable of containing the 
largest valid value that offset can have, seekdir is an enumeration that has 
these values: 




The C++ I/O system manages two pointers associated with a file. One is the 
get pointer, which specifies where in the file the next input operation will 
occur. The other is the put pointer, which specifies where in the file the next 
output operation will occur. Each time an input or an output operation takes 
place, the appropriate pointer is automatically advanced. Using the seekg() 
and seekp() functions, it is possible to move this pointer and access the file 
in a non-sequential fashion. 

The seekg() function moves the associated file’s current get pointer offset 
number of bytes from the specified origin. The seekp() function moves the 
associated file’s current put pointer offset number of bytes from the 
specified origin. 

Generally, random access I/O should be performed only on those files 
opened for binary operations. The character translations that may occur on 
text files could cause a position request to be out of sync with the actual 
contents of the file. 
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The following program demonstrates the seekp() function. It allows you to 
specify a filename on the command line, followed by the specific byte that 
you want to change in the file. The program then writes an X at the 
specified location. Notice that the file must be opened for read/write 
operations. 

/ / Demonstrate random access„ 


4 inc lud^ < i o s tream> 

A include <£ 

^include <cstdlib> 
using namespace stdr 

iht main lint argc, char *argv[]) 

i 

i£large 1=3} { 

cout « "Usage:. CHANGE < fi lename> <byte>\n H ? 
return 1; 

} 

fstream out {argv[l) ,, loss sin | ios;:out | ios : sbinary) ; 
if | Lout) ( 

cout << "Cannot open file.\n"'; 
return 1; 

} 


out t seekp (atoi fargv[2] } ,, 

out K put f 1 X 1 )j 
out.close(); 




Seek to a specific byte wilhln Hie- file. 
This moves liie pul pointer. 


return 0; 


} 



The next program uses seekg(). It displays the contents of a file, beginning 
with the location you specify on the command line. 
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#include <iostresn& 
ft in= : raarti> 

# include <csfcdl ib> 
using nam<--EpaL7€f: aid# 


■int ditift .. urge, char * aargtf | J ). 
I 

chair Cjtt£' 


if (argcfceij ^ 

coiib « ri tfsago: JJftME * 
afefcimV 

} 


if stream infargv [l] , ios : : in | ios: : binary) ; 
it pin) { 

caub << '^Cannot open file, \n rr ; 

return is 

T 


in„seekg(atoi(argv[2]), ±0s::beg :■■ 


* 


This itims rtiG Q--t pojnfcr. 


Lb> ' 


-■a. 


while (in,get (ch).) 
cout « ch; 


return 0 / 




You can determine the current position of each file pointer using these 
functions: 


pos_type tellg(); pos_type tellp(); 

Here, pos_type is a type defined by ios that is capable of holding the largest 
value that either function can return. There are overloaded versions of 
seekg() and seekp() that move the file pointers to the location specified by 
the return values of tellg() and tellp(). Their prototypes are shown here: 

istream &seekg(pos_type position); ostream &seekp(pos_type position); 

Progress Check 


What function detects the end of the file? 

What does getline() do? 

What functions handle random access 
position requests? 

CRITICAL SKILL 11.12: Checking I/O 
Status 
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The C++ I/O system maintains status information about the outcome of 
each I/O operation. The current status of an I/O stream is described in an 
object of type iostate, which is an enumeration defined by ios that includes 
these members. 


Name 

Meaning 



ios::goodbit 

No error bits set 



iosneofbit 

1 when end-of-file is encountered; 0 otherwise 



iosufailbit 

1 when a (possibly) nonfatal I/O error has occurred; 0 otherwise 



iosubadbit 

1 when a fatal I/O error has occurred; 0 otherwise 




There are two ways in which you can obtain I/O status information. First, 
you can call the rdstate() 

function. It has this prototype: 

iostate rdstate(); 

It returns the current status of the error flags. As you can probably guess 
from looking at the preceding list of flags, rdstate() returns goodbit when 
no error has occurred. Otherwise, an error flag is turned on. 

The other way you can determine if an error has occurred is by using one or 
more of these ios member functions: 

bool bad(); bool eof(); 

bool fail(); bool good(); 

The eof() function was discussed earlier. The bad() function returns true 
if badbit is set. The fail() function returns true if failbit is set. The good() 
function returns true if there are no errors. Otherwise they return false. 

Once an error has occurred, it may need to be cleared before your program 
continues. To do this, use the ios member function clear(), whose prototype 
is shown here: 































void clear(iostate flags = ios::goodbit); 

If flags is goodbit (as it is by default), all error flags are cleared. Otherwise, 
set flags to the settings you desire. 

Before moving on, you might want to experiment with using these status¬ 
reporting functions to add extended error-checking to the preceding file 
examples. 


Module 11 Mastery Check 


What are the four predefined streams called? 
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Does C++ define both 8-bit and wide-character streams? 


Show the general form for overloading an inserter. 

What does ios:: scientific do? 

What does width() do? 

An I/O manipulator is used within an I/O expression. True or false? 
Show how to open a file for reading text input. 

Show how to open a file for writing text output. 

What does ios::binary do? 

When the end of the file is reached, the stream variable will 
evaluate as false. True or false? 

Assuming a file is associated with an input stream called strm, show how 
to read to the end of the file. 

Write a program that copies a file. Allow the user to specify the name of 
the input and output file on the command line. Make sure that your program 
can copy both text and binary files. 

Write a program that merges two text files. Have the user specify the 
names of the two files on the command line in the order they should appear 
in the output file. Also, have the user specify the name of the output file. 
Thus, if the program is called merge, then the following command line will 
merge the files MyFilel.txt and MyFile2.txt into Target.txt: 

merge MyFilel.txt MyFile2.txt Target.txt 

Show how the seekg() statement will seek to the 300th byte in 
a stream called MyStrm. 
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You have come a long way since the start of this book. In this, the final 
module, you will examine several important, advanced C++ topics, 
including exception handling, templates, dynamic allocation, and 
namespaces. Runtime type ID and the casting operators are also covered. 
Keep in mind that C++ is a large, sophisticated, professional programming 
language, and it is not possible to cover every advanced feature, specialized 
technique, or programming nuance in this beginner’s guide. When you 
finish this module, however, you will have mastered the core elements of 
the language and will be able to begin writing real-world programs. 
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CRITICAL SKILL 12.1: Exception 
Handling 

An exception is an error that occurs at runtime. Using C++’s exception 
handling subsystem, you can, in a structured and controlled manner, handle 
runtime errors. When exception handling is employed, your program 
automatically invokes an error-handling routine when an exception occurs. 
The principal advantage of exception handling is that it automates much of 
the error-handling code that previously had to be entered “by hand” into 
any large program. 

Exception Handling Fundamentals 

C++ exception handling is built upon three keywords: try, catch, and throw. 
In the most general terms, program statements that you want to monitor for 
exceptions are contained in a try block. If an exception (that is, an error) 
occurs within the try block, it is thrown (using throw). The exception is 
caught, using catch, and processed. The following discussion elaborates 
upon this general description. 

Code that you want to monitor for exceptions must have been executed 
from within a try block. (A function called from within a try block is also 
monitored.) Exceptions that can be thrown by the monitored code are 
caught by a catch statement that immediately follows the try statement in 
which the exception was thrown. The general forms of try and catch are 
shown here: 

try { 

// try block 

w 

\ 

r 

catch (type l arg) ( 

// catch black 

} 

catch (type2 arg) { 

// catch black 

i 

r 

catch { typc3 arg) { 
ft catch block 


If i+i 

catch (type A' arg) ( 
// catch block 


! 



The try block must contain the portion of your program that you want to 
monitor for errors. This section can be as short as a few statements within 
one function, or as all-encompassing as a try block that encloses the main() 
function code (which would, in effect, cause the entire program to be 
monitored). 

When an exception is thrown, it is caught by its corresponding catch 
statement, which then processes the exception. There can be more than one 
catch statement associated with a try. The type of the exception determines 
which catch statement is used. That is, if the data type specified by a catch 
statement matches that of the exception, then that catch statement is 
executed (and all others are bypassed). When an exception is caught, arg 
will receive its value. Any type of data can be caught, including classes that 
you create. 
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The general form of the throw statement is shown here: 
throw exception; 

throw generates the exception specified by exception. If this exception is to 
be caught, 

Exceptions, Templates, and Other Advanced Topics 

then throw must be executed either from within a try block itself, or from 
any function called from within the try block (directly or indirectly). 

If an exception is thrown for which there is no applicable catch statement, 
an abnormal program termination will occur. That is, your program will 
stop abruptly in an uncontrolled manner. Thus, you will want to catch all 
exceptions that will be thrown. 

Here is a simple example that shows how C++ exception handling operates: 

//A simple exception handling example. 

#imc1y d © ^ios t re am> 
using namespace std; 

int main (i 

1 

cout « * start\n B ; 

try { // start a try block -■ Began o toy block, 

cout « "Inside try block\n ,, f 

throw 93; // throw an error < Throw on axcapNan. 

cout « "This will not execute'; 

} 

catch (int 1 } { // catch an error +-■ Cdteh ha wception, 

cout << '"Caught an exception -- value 1st "; 
cout << i << *\n w ; 

} 

cout << ■end"? 
return 0 ? 

} 



This program displays the following output: 

start Inside 
try block 

Caught an exception — value is: 99 
end 


Look carefully at this program. As you can see, there is a try block 
containing three statements and a catch(int i) statement that processes an 
integer exception. Within the try block, only two of the three statements 
will execute: the first cout statement and the throw. Once an exception has 
been thrown, control passes to the catch expression, and the try block is 
terminated. That is, catch is not called. 
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Rather, program execution is transferred to it. (The program’s stack is 
automatically reset, as necessary, to accomplish this.) Thus, the cout 
statement following the throw will never execute. 

Usually, the code within a catch statement attempts to remedy an error by 
taking appropriate action. If the error can be fixed, then execution will 
continue with the statements following the catch. Otherwise, program 
execution should be terminated in a controlled manner. 

As mentioned earlier, the type of the exception must match the type 
specified in a catch statement. For example, in the preceding program, if 
you change the type in the catch statement to double, then the exception 
will not be caught and abnormal termination will occur. This change is 
shown here: 

// This example will not work. 

#include <i o str»am> 
using namespace std; 

int main() 

( 

cout << *start \n H ; 

try ( // start a try block 

cout << *Inside try block\n*; 

throw 99 ? // throw an error 
cout « "This will not execute*; 

} 

catch (double i) { // won't work for an int exception 4-- 

cout « "Caught an exception -- value isi M ; 
cout << i « "\n"; 

J This can' I catch an ml exception! 

cout << 


re*turn 0; 



This program produces the following output because the integer exception 
will not be caught by the catch(double i) statement. Of course, the final 
message indicating abnormal termination will vary from compiler to 
compiler. 

start Inside 
try block 

Abnormal program termination 

An exception thrown by a function called from within a try block can be 
handled by that try block. For example, this is a valid program: 
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/" Throwing an exception from a function called 
from within a try block., */ 

# include <iostr@ajn> 
using namespace s td? 

void Xtestfint. test) 

I 

cant « * Inside Xtest* test is: " ** test « 
if (test) throw tntj 

} 

This exertion h caught by 

int wain £} rite <sole It slatemenl in main! l. 

t 

eoat « *etar t\ia m s 

try t // start a try bloc k 
eottt <;< *Inside try block\n'7 

Xtes t (Q) ; Amp* Xtortf ] k col led from 

j *- wfthin a fry block. Is code k 

Xtest (2) t monitored lor erron. 

} 

catcti tint ii t // catch an error 

□out « # Caught an exception " value is* "i 
cout « i « *\n*j 

» 

eout << ^end*; 
return 0? 



> 



This program produces the following output: 

start 

Inside try block 

Inside Xtest,, test is; 0 

Inside Xtestj test is: 1 

Caught an exception -- value ia: 1 

end 


As the output confirms, the exception thrown in Xtest() was caught by the 
exception handler in main( ). A try block can be localized to a function. 
When this is the case, each time the function is entered, the exception 
handling relative to that function is reset. Examine this sample program: 
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//A try block can be localized to a function. 


#include *io&tream> 
using namespace std; 

// A try/catch its reset each time a function is enten 
void Xhandlertint test) 

t 

try{ +-- This fry block E* Irad to XHandkti|L 

if { test) throw testj 

) 

catchfint i) C 

cout « "Caught One! Ex> #5 p « i « *\n*i 

} 

} 

int mainO 

C 

emit « p start\n p f 

Chandler (1} j 
^handler (3> 1 

// A try block can be localized to a function* 

#include <ioA 
u^ing namespace std; 

//A try/catch Is reset each time a function is enter 
void Xhandler(int testy 
{ 

tryf 4 * ■ Thfi Iry block h bed: to XhandleH ] r 

if <te£t) throw test; 

J 

catch(int 1) { 

cout « "Caught OneE be, #* * « i 'Xn 4 ? 

> 

i 

int main() 
i 

coll t « *«tart\n v j 

Xhandler{1} t 
Hw idler (21; 

Chandler(0>; 

Ahancller -t 3> ; 

cout « "and** 

return Of 


J 




This program displays the following output: 


start 
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Caught One! Ex. #: 1 
Caught One! Ex. #: 2 
Caught One! Ex. #: 3 
end 

In this example, three exceptions are thrown. After each exception, the 
function returns. When the function is called again, the exception handling 
is reset. In general, a try block is reset each time it is entered. Thus, a try 
block that is part of a loop will be reset each time the loop repeats. 



In the language of C++, what is an 


exception? 


Exception handling is based on what three 
keywords? 


An exception is caught based on its type. 
True or false? 


Using Multiple catch Statements 

As stated earlier, you can associate more than one catch statement with a 
try. In fact, it is common to do so. However, each catch must catch a 
different type of exception. For example, the program shown next catches 
both integers and character pointers. 



// Use multiple catch statements. 


#include <iostream> 
using namespace std; 

// Different types of exceptions can be caught, 
void Xhandler(int test] 

{ 

try { 

if(test] throw test; // throw int 

else throw "Value is zero"? // throw char * 

} 

catch [int i} {*-Thli catchsi ini sxcsptions. 

cout « "Caught One[ Ex, " « i « r \n't 

} 

ca t ch ( cha r * s t r ) { *-Th is c bar 1 ejccepNon*. 

cout << h Caught a string: n ; 
cout << atr « p \n fc ; 

} 

) 

















int mainO 
f- 

colit: ’start \n" \ 

Xhemdler-(It; 
Xhandulbt^Q t 
Xh&ndleE {0} y 
Xhandl&j: f 3} ; 

cout <<. ’end p # 


r^tyrn 0; 


In general, catch expressions are checked in the order in which they occur 
in a program. Only a matching statement is executed. All other catch blocks 
are ignored. 

Catching Base Class Exceptions 

There is one important point about multiple catch statements that relates to 
derived classes. A catch clause for a base class will also match any class 
derived from that base. Thus, if you want to catch exceptions of both a base 
class type and a derived class type, put the derived class first in the catch 
sequence. If you don’t, the base class catch will also catch all derived 
classes. For example, consider the following program: 


















,4s wrong! 


This catch list is in the 
wrong orctert You must 
cci k iydsdved dosses 
beFore base dosses. 



Here, because derived is an object that has B as a base class, it will be 
caught by the first catch clause, and the second clause will never execute. 
Some compilers will flag this condition with a warning message. Others 
may issue an error message and stop compilation. Either way, to fix this 
condition, reverse the order of the catch clauses. 

Catching All Exceptions 

In some circumstances, you will want an exception handler to catch all 
exceptions instead of just a certain type. To do this, use this form of catch: 

catch(...) { // process all exceptions } 

Here, the ellipsis matches any type of data. The following program 
illustrates catch(...): 
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/./ This example catches all exceptions 


using namespace s t d- 


Xhandlsr (int test) 


{ 


ifitest==03! throw--test/ // t$#DW 
ii|teat==lj throw 'a 1 $ ./'/ throwvchar- 

!tte^tn^aS throw //, l^irow double 


1 

t^tchf, T .^ £ ff ijrll exceptions *■ 

GLgfiit « 0i5«|\?|L^ 

$ 


1 


i$£Uii!f3fS£ 

t '' 

■■ . .— fc 

cout <<■ "a 1 


"■ * 


Xhandler(0 ); 


* 

-P J 


id ? ? 




returct Qj 


Caleb all exsepfkms. 



This program displays the following output: 
start 

Caught One! 

Caught One! 

Caught One! 
end 

Xhandler() throws three types of exceptions: int, char, and double. All are 
caught using the catch(...) statement. 

One very good use for catch(...) is as the last catch of a cluster of catches. In 
this capacity, it provides a useful default or “catch all” statement. Using 
catch(...) as a default is a good way to catch all exceptions that you don’t 
want to handle explicitly. Also, by catching all exceptions, you prevent an 
unhandled exception from causing an abnormal program termination. 

Specifying Exceptions Thrown by a Function 

You can specify the type of exceptions that a function can throw outside of 
itself. In fact, you can also prevent a function from throwing any exceptions 
whatsoever. To accomplish these restrictions, you must add a throw clause 
to a function definition. The general form of this clause is 
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ret-type func-name(arg-list) throw(type-list) {//...} 

Here, only those data types contained in the comma-separated type-list can 
be thrown by the function. Throwing any other type of expression will 
cause abnormal program termination. If you don’t want a function to be 
able to throw any exceptions, then use an empty list. 


NOTE: At the time of this writing, Visual C++ does not actually prevent a function from 
throwing an exception 


type that is not specified in the throw clause. This is nonstandard behavior. You can still specify a 
throw clause, but such a clause is informational only. 


The following program shows how to specify the types of exceptions that 
can be thrown from a function: 

// Restricting function throw types. 


ftinolude <ios tr eam> 
using n ame space s t d ? 

// This function can only throw intSj, chars, and doubles, 
void Xhand1@ r(int test) throw(in t, c har„ double) 

t 

if(test==0} throw test; // throw int 

if ftest==l) throw r a 1 ; // throw char 

if (test=-=2} throw 123.23; // throw double 


Specify the exceptions 
that can be thrown by 
Xhand ler( h 


int main() 

C 

cout << *start\n"; 


try { 

Xhandler(G)? // also, try passing 1 and 2 to Xhandler() 
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catehtiiit i) { 

Ctiiit << "Caught int-\n" f 

%' 

catcji{ctiar £) ( 

cpu-t « "taught char\n“; 

.] 

catch {dsuhl e ■■ d) C 

coufc « Caught p ; 

$ 

cput << *end tt ; 
return flj, 


In this program, the function Xhandler() can only throw integer, character, 
and double exceptions. If it attempts to throw any other type of exception, 
then an abnormal program termination will occur. To see an example of 
this, remove int from the list and retry the program. An error will result. (As 
mentioned, currently Visual C++ does not restrict the exceptions that a 
function can throw.) 

It is important to understand that a function can only be restricted in what 
types of exceptions it throws back to the try block that has called it. That is, 
a try block within a function can throw any type of exception, as long as the 
exception is caught within that function. The restriction applies only when 
throwing an exception outside of the function. 



Rethrowing an Exception 

You can rethrow an exception from within an exception handler by calling 
throw by itself, with no exception. This causes the current exception to be 
passed on to an outer try/catch sequence. The most likely reason for calling 
throw this way is to allow multiple handlers access to the exception. For 
example, perhaps one exception handler manages one aspect of an 
exception, and a second handler copes with another aspect. An exception 
can only be rethrown from within a catch block (or from any function 
called from within that block). When you rethrow an exception, it will not 
be recaught by the same catch statement. It will propagate to the next catch 
statement. The following program illustrates rethrowing an exception. It 
rethrows a char * exception. 

// Example of "rethrowing" an exception. 

#include <iostream> 
using namespace std; 

void XhandlerO 
t 

try ( 

throw * hello h ; // throw a char * 

} 
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Rethrow Qn exception. 


infc raalnU 

C 



Xhandler (i j 


n. 1 ■'■ 

} 

catchichar *J { 

cout « "Caught char * inside main\n"; 

I 

cout "end** 
return $; 

¥ 


catch { char 1 -*"! % // .Thatch a char * 

cter- * ^nsi^hfr-. Xhandi«^fi^f 

throw ; .// rethrow char i out of function + 

■ 


j 


This program displays the following output: 


start 



Caught char * inside Xhandler 
Caught char * inside main 
End 


^Progress Check 


Show how to catch all exceptions. 

How do you specify the type of exceptions 
that can be thrown out of a function? 

How do you rethrow an exception? 


Templates 

The template is one of C++’s most sophisticated and high-powered features. 
Although not part of the original specification for C++, it was added several 
years ago and is supported by all modern C++ compilers. Templates help 
you achieve one of the most elusive goals in programming: the creation of 
reusable code. 
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Using templates, it is possible to create generic functions and classes. In a 
generic function or class, the type of data upon which the function or class 
operates is specified as a parameter. Thus, you can use one function or class 
with several different types of data without having to explicitly recode 
specific versions for each data type. Both generic functions and generic 
classes are introduced here. 

Ask the Expert 

Q. It seems that there are two ways for a function to report an error: to 

throw an exception or to return an error code. In general, when should I use 
each approach? 

A: You are correct, there are two general approaches to reporting 

errors: throwing exceptions and 

returning error codes. Today, language experts favor exceptions rather than 
error codes. For example, both the Java and C# languages rely heavily on 
exceptions, using them to report most types of common errors, such as an 
error opening a file or an arithmetic overflow. Because C++ is derived from 
C, it uses a blend of error codes and exceptions to report errors. Thus, many 
error conditions that relate to C++ library functions are reported using error 
return codes. However, in new code that you write, you should consider 
using exceptions to report errors. It is the way modern code is being 
written. 

CRITICAL SKILL 12.2: Generic 

Functions 

A generic function defines a general set of operations that will be applied to 
various types of data. The type of data that the function will operate upon is 
passed to it as a parameter. Through a generic function, a single general 
procedure can be applied to a wide range of data. As you probably know, 
many algorithms are logically the same no matter what type of data is being 
operated upon. For example, the Quicksort sorting algorithm is the same 
whether it is applied to an array of integers or an array of floats. It is just 



that the type of data being sorted is different. By creating a generic 
function, you can define the nature of the algorithm, independent of any 
data. Once you have done this, the compiler will automatically generate the 
correct code for the type of data that is actually used when you execute the 
function. In essence, when you create a generic function, you are creating a 
function that can automatically overload itself. 

A generic function is created using the keyword template. The normal 
meaning of the word “template” accurately reflects its use in C++. It is used 
to create a template (or framework) that describes what a function will do, 
leaving it to the compiler to fill in the details as needed. The general form 
of a generic function definition is shown here: 

template <class Ttype> ret-type func-name(parameter list) { // body of 
function } 

Here, Ttype is a placeholder name for a data type. This name is then used 
within the function definition to declare the type of data upon which the 
function operates. The compiler will automatically replace Ttype with an 
actual data type when it creates a specific version of the function. Although 
the use of the keyword class to specify a generic type in a template 
declaration is traditional, you may also use the keyword typename. 
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The following example creates a generic function that swaps the values of 
the two variables with which it is called. Because the process of exchanging 
two values is independent of the type of the variables, it is a good candidate 
for being made into a generic function. 

// Function tempi Ate example. 

^include cio b ta:eain> 

□sing namespace std; 

// This is a function template. 
template <elass X> void swapargs(X ka. f X kb) 

C 

X temp; 
temp ~ a; 
a ■ b; 
b = twip; 

} 

int mainU 

{ 

int i=IO, j=2Q; 
float x-10.1 f y= 23.3; 
char b='z*; 


cout 


"Original 

i* 

j* 

11 << 

i 

« 1 

< <-c 

j 

« 

1 Vtt 1 ; 

cout 

« 

"Original 

k h 

y:: 

■ << 

X 

<< * 

’ << 

y 

« 

1 Vn 1 ; 

cout 

« 

■Original 

a. 

b: 

■ « 

a 

«. B 

a << 

b 

<< 

1 \n 1 ; 


swapargs(ij j) r / / swap integers TUe compiler gyiDmaticcilty creates venipns 

BWApargs(x, y) : // swap floats 1 -* of iwapcrgi(} hat uselhelype ofddte 

swapargsfci, b) ; // swap chars specifbd by ih arguments. 


OGut 

« 

"Swapped 

7 

i. 

j : 

* << 

■i 

1 

« 1 

' « 

•i 

5 

<< 1 \n 

cout 

<< 

■Swapped 

x,, 

y = 

■ « 

X 

« ■ 

T « 

Y 

<< a \n 

cout 

< < 

■ Swapped 

a, 

b: 

■ « 

a 

<< * 

* << 

b 

« 1 \n 


return Oj 

> 


A generic Funclkxi thnl 

exchange* ihe value* dF ah 
argument* Here, X i* ihe 
generic data lype 



Let’s look closely at this program. The line 

template <class X> void swapargs(X &a, X &b) 

tells the compiler two things: that a template is being created and that a 
generic definition is beginning. Here, X is a generic type that is used as a 
placeholder. After the template portion, the function swapargs() is declared, 
using X as the data type of the values that will be swapped. In main(), the 
swapargs() function is called using three different types of data: ints, floats, 
and chars. Because swapargs( ) is a generic function, the compiler 
automatically creates three versions of swapargs(): one that will exchange 
integer values, one that will exchange floating-point values, and one that 
will swap 
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characters. Thus, the same generic swap( ) function can be used to 
exchange arguments of any type of data. 

Here are some important terms related to templates. First, a generic 
function (that is, a function definition preceded by a template statement) is 
also called a template function. Both terms are used interchangeably in this 
book. When the compiler creates a specific version of this function, it is 
said to have created a specialization. This is also called a generated 
function. The act of generating a function is referred to as instantiating it. 
Put differently, a generated function is a specific instance of a template 
function. 

A Function with Two Generic Types 

You can define more than one generic data type in the template statement 
by using a comma-separated list. For example, this program creates a 
template function that has two generic types: 

# lirelude dost 
using namespace sfcd; 

template <class Type!, c lass Type2> -Two generic lype-i 

void myfune(Typel Type2 y) 

{ 

cout << x 1 * « y « '\n 

} 

int mainO 

{ 

myfunc(10, "hi"); 
nryfunc (0 *23, 10L); 
return 0 * f 

} 



In this example, the placeholder types Typel and Type2 are replaced by the 
compiler with the data types int and char *, and double and long, 
respectively, when the compiler generates the specific instances of myfunc( 
) within main(). 

Explicitly Overloading a Generic Function 

Even though a generic function overloads itself as needed, you can 
explicitly overload one, too. This is formally called explicit specialization. 
If you overload a generic function, then that overloaded function overrides 
(or “hides”) the generic function relative to that specific version. For 
example, consider the following, revised version of the argument-swapping 
example shown earlier: 
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aid; 

■ ,4i J. •t t It. 7 . .-r*- r > 


template: X> 

f 


voidVswapargs {X lea, ■ X &b) 


X temp? 
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J 


temp = a; 
a - b; 
b = temp; 

flout « * Inside template swapargsAn* j 


// This overrides the generic version of swapargsO for ints. 
void swa par gs (int int Sib} < > 

{ I 

int temp ? Explicil overload of twapargs ( ) 


temp = &i 
a s bf 
b = temp; 

cout « # Inside swapargs int specialisation,\n*j 


int main l } 

( 

int im 10* j=20; 
float y=23«3j 

char f x1* b= f z’? 


cent « "Original i* j j 
cent « "Original x, y: 
cout *Original a f b: 


* c< 

i « 1 

1 « 

j 

« 

•\n*i 

# « 

X « * 

1 « 

y 

« 

'Xn*t 

■ « 

a « f 

r « 

b 

« 

*\a*? 


swapargs|i r j); // oallB explicitly overloaded. swapargsO 


swapargslx,- y) s // calls generic 
i—npai )|ii [ii. b) r // calls generic 

cout « 4 Swapped i f ji 1 « i « 

cout « # Swapped x* yi ■ c< x « 

cowt « "Swapped a, bi p « a « 

return 0? 

) 


swapargs(} 
i,w<spargs () 

ihk cdb the explk# 
overload of iwaparg*( 

1 ' « j « * \n* / 

• 1 « y « * \n* t 

* ’ « b « ' Vn* ,■ 



Hi is program displays the foil owing output: 

Original 1, j i 10 20 

Original x, yz 10*1 23,3 

Original a, bs x z 

Inside swapargs int special!ration. 

Inside template twapargs, 

Inside template swapargs. 

Swapped ±, 3 * 20 10 
Swapped x f y$ 23.3 10.1 
Swapped a* bi m x 
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As the comments inside the program indicate, when swapargs(i, j) is called, 
it invokes the explicitly overloaded version of swapargs( ) defined in the 
program. Thus, the compiler does not generate this version of the generic 
swapargs( ) function, because the generic function is overridden by the 
explicit overloading. 

Relatively recently, an alternative syntax was introduced to denote the 
explicit specialization of a function. This newer approach uses the template 
keyword. For example, using the newer specialization syntax, the 
overloaded swapargs( ) function from the preceding program looks like 
this: 

// Use the newer-style specialization syntax. 

tamplateo void swapargs<int>(int int &b) 

( 

int temp; 

temp = aj 
a = bj 
b = temp; 

cout << "Inside swapargs int specialization, \n v ; 


As you can see, the new-style syntax uses the templateo construct to 
indicate specialization. The type of data for which the specialization is 
being created is placed inside the angle brackets following the function 
name. This same syntax is used to specialize any type of generic function. 
While there is no advantage to using one specialization syntax over the 
other at this time, the new-style syntax is probably a better approach for the 
long term. 

Explicit specialization of a template allows you to tailor a version of a 
generic function to accommodate a unique situation—perhaps to take 



advantage of some performance boost that applies to only one type of data, 
for example. However, as a general rule, if you need to have different 
versions of a function for different data types, you should use overloaded 
functions rather than templates. 

CRITICAL SKILL 12.3: Generic Classes 

In addition to using generic functions, you can also define a generic class. 
When you do this, you create a class that defines all the algorithms used by 
that class; however, the actual type of data being manipulated will be 
specified as a parameter when objects of that class are created. 

Generic classes are useful when a class uses logic that can be generalized. 
For example, the same algorithm that maintains a queue of integers will 
also work for a queue of characters, and the same mechanism that maintains 
a linked list of mailing addresses will also maintain a linked list of auto-part 
information. When you create a generic class, it can perform the operation 
you define, such as maintaining a queue or a linked list, for any type of 
data. The compiler will automatically generate the correct type of object, 
based upon the type you specify when the object is created. 

The general form of a generic class declaration is shown here: 
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template <class Ttype> class class-name { 

// body of class } 

Here, Ttype is the placeholder type name, which will be specified when a 
class is instantiated. If necessary, you can define more than one generic data 
type using a comma-separated list. 

Once you have created a generic class, you create a specific instance of that 
class using the following general form: 

class-name <type> ob; 

Here, type is the type name of the data that the class will be operating upon. 
Member functions of a generic class are, themselves, automatically generic. 
You need not use template to explicitly specify them as such. 

Here is a simple example of a generic class: 

//A simple generic class. 

ftinclude -ciostream* 
using namespace- std; 

template <class T> class MyClass { 4- Declare a generic class, 

ff Y* Here, T is me generic lypft, 

public: 

MyClass(T a, T b) { 
x = a? 

V = b; 

1 

T divf) ( return x/y; 1 

} * 

Create a specific instance 

int main() of a generic class, 

{ I 

// Create a version of MyClass for doubles. 

MyClas^<double> d_ob!10*0* 3*0 }; 4- 

cout << "double division: " « d^ob.divO << " \n" ? 

// Create a version of MyClass for ints, 

MyClass<int> i_ob£10, 3); 

coiit << "integer division: " << i_ob,div{) << p \rx # * 
return 0; 


} 





The output is shown here: 



double division: 3.33333 











integer division: 3 


As the output shows, the double object performed a floating-point division, 
and the int object performed an integer division. 

When a specific instance of MyClass is declared, the compiler 
automatically generates versions of the div( ) function, and x and y 
variables necessary for handling the actual data. In this example, two 
different types of objects are declared. The first, d_ob, operates on double 
data. This means that x and y are double values, and the outcome of the 
division—and the return type of div( )—is double. The second, i_ob, 
operates on type int. Thus, x, y, and the return type of div( ) are int. Pay 
special attention to these declarations: 

Exceptions, Templates, and Other Advanced Topics 

MyClass<double> d_ob(10.0, 3.0); MyClass<int> i_ob(10, 3); 

Notice how the desired data type is passed inside the angle brackets. By 
changing the type of data specified when MyClass objects are created, you 
can change the type of data operated upon by MyClass. 

A template class can have more than one generic data type. Simply declare 
all the data types required by the class in a comma-separated list within the 
template specification. For instance, the following example creates a class 
that uses two generic data types: 



/* This example uses two generic data types in a 
class definition, V 
#include <iostream> 
using namespace s td; 

template <class Tl, class T2> class MyClass 

{ 

T1 i ; 

T2 j? 
public; 

MyClass (T1 a, T2 b) { i = a; j = b; } 

void showU ( cout « i « * * << j << *\n f ; } 

}; 

int fftainO 
E 

MyClasscint F doubles obi(ID, EK23)j 
MyClass<ehar r char *> ob2( X\ "This is a test"); 

obi.showf); // show int f double 
ob2.showj)? // show char,, char * 

return 0; 

} 



This program produces the following output: 
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10 0.23 

X This is a test 

The program declares two types of objects, obi uses int and double data. 
ob2 uses a character and a character pointer. For both cases, the compiler 
automatically generates the appropriate data and functions to accommodate 
the way the objects are created. 

Explicit Class Specializations 

As with template functions, you can create a specialization of a generic 
class. To do so, use the templateo construct as you did when creating 
explicit function specializations. For example: 



// Demonstrate class specialization. 


#include <iostreajn> 
using namespace std; 

template <class T> class MyClass ( 

T x; 
public z 

MyClasefT a) { 

cout « '"Inside generic MyClass\n h ; 
x = a; 

) 

T getxU t return x; } 

) * 


// Explicit specialization for 
template <> class MyClass<int> 
int x: 
public 2 


int + 


f 



This is an explicit specialization of MyClass. 


HyClass(int a) { 

cout << "Inside MyClasscint> specialization^"; 
x = a * a; 


} 

int getx <) { retorn x; } 


int raain{) 

{ 

MyClass<double> d(lO.l); 

cout * double j M << d.getxO << " \n\n"; 

MyClass<int> i ( 5 ) ; -Tfiis uses the explicit specialization 

cout << ■int: " << i„g&tx() << "\n"; ofMyClass. 

return 0; 

) 
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This program displays the following output: 











Inside generic MyClass 
double: 10.1 

Inside MyClass<int> specialization 
int: 25 

In the program, pay close attention to this line: 

template <> class MyClass<int> { 

It tells the compiler that an explicit integer specialization of MyClass is 
being created. This same general syntax is used for any type of class 
specialization. 

Explicit class specialization expands the utility of generic classes because it 
lets you easily handle one or two special cases while allowing all others to 
be automatically processed by the compiler. Of course, if you find that you 
are creating too many specializations, then you are probably better off not 
using a template class in the first place. 

Prog ress Check 


What keyword is used to declare a generic 
function or class? 

Can a generic function be explicitly 
overloaded? 


Project 12-1 


In a generic class, are all of its member 
functions also automatically generic? 

Creating a Generic Queue Class 


In Project 8-2, you created a Queue class that maintained a queue of 
characters. In this project, you will convert Queue into a generic class that 





can operate on any type of data. Queue is a good choice for conversion to a 
generic class, because its logic is separate from the data upon which it 
functions. The same mechanism that stores integers, for example, can also 
store floating-point values, or even objects of classes that you create. Once 
you have defined a generic Queue class, you can use it whenever you need 
a queue. 

Step by Step 


Begin by copying the Queue class from 
Project 8-2 into a file called GenericQ.cpp. 

Change the Queue declaration into a 
template, as shown here: 

template <class QType> class Queue { 

Here, the generic data type is called 
QType. 

Change the data type of the q array to 
QType, as shown next: 
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QType q[maxQsize]; // this array holds the queue 


Because q is now generic, it can be used 
to hold whatever type of data an object 
of Queue declares. 

Change the data type of the parameter to 
the put() function to QType, as shown here: 

// Put a data into the queue, 
void put(QType data) { 
it(putloc --size) { 

cent « " Queue is full.Yn"; 
return; 

} 

put ld>c+ +; 
q[putloc] = data; 


Change the return type of get() to QType, 
as shown next: 

// Get data from the queue. 

QType get O { 

if(getloc ™= putloc) ( 

cout << M -- Queue is empty.\n 11 ; 
return 0; 

} 


getioc+-i-; 
return qlgetloc]; 



The entire generic Queue class is shown 
here along with a main( ) function to 
demonstrate its use: 

/* 

Project 12-1 

A template queue class. 

V 

^include <iQStleam> 
using namespace std; 

const int maxQeize = 100; 

// This creates a generic queue class,, 

template <cl mg QType> class Queue E 

QType qlmaxQsize]; // this array holds the queue 

int size? // maximum number of elements that the queue can store 
int putloc, gotloc; // the put and get indices 
public: 

U Construct a queue of a specific length. 

Queuelint len} ( 

// Queue must, be less than max and positive, 
if(len > maxQsize) len = maxQsize; 
else if(len <- 0) len s 1+ 
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size ■ leu; 
putloe = gotloc = 0; 


I 


H Put data into the queue, 
void put(QType data) f 
if(pufcloc as size) ( 

cout « * -- Queue is lull. Mi"; 
return; 

\ 

putl«++j 
qlputloc] data; 

} 

// Get data Cron the queue. 

QType getI) { 

if(getloc — putloe} | 

cout << * -- Queue is empty.\n"; 
return 0; 

} 

getloc+4-; 
return q[getloc]; 

J 

// Demonstrate the generic Queue, 
int main{) 

{ 

Queue*int> iQa £10] , iQb{10) ; // create two integer queues 

iQa.put(1) ; 
iQa.put(2); 
iQa.put(3); 

IQb.put(19); 
iQb.put(20); 
iQb.put(30); 

cout « 'Contents of integer queue iQat "j 
for(int iaO; i < 3; i++) 
cout « iQa.getO « * *; 
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cout << end If 


cout « "Contents of integer queue iQb: *; 
for(int i*0 1 i < 3; i++> 
cout « i#*g«tO « * *j 
Cout « endl; 

Queuesdouble? dQellOK dQb(10)? // create two double queues 

Qu&u©<doubl@> dQa(lQ} # dQpb{10); // create haa double queues 


dQa.put(1.01}: 
4Qa*put (3*03); 
dQa,put (3*03) j 

dQb,put {10*01} f 
dQb T put(20.02} ; 
dQb + put(30.03}; 


cout « "Cont ents of double queue dQ&: "; 
for(int 1=0f 1 < 3 1 i-M-> 
cout « dQ&*get{J « * *; 
cout « endl; 

cout « "Contents of double queue dQbf " j 
for(int i=0; i < 3; 

cout « dQb, get U « * * j 
cout « endl; 


return 0; 

I 

r hc output is shown hcne: 

Contents of integer queue iQas 12 3 
Contents of integer queue iQfes 10 30 30 
Contents of double queue dQa( 1,01 2,02 3,03 
Content* of double queue dQbi 10,01 30*03 30*03 



As the Queue class illustrates, generic 
functions and classes are powerful tools that 
you can use to maximize your programming 
efforts, because they allow you to define the 
general form of an object that can then be 
used with any type of data. You are saved 
from the tedium of creating separate 
implementations for each data type for which 
you want the algorithm to work. The compiler 
automatically creates the specific versions of 
the class for you. 



CRITICAL SKILL 12.4: Dynamic 
Allocation 

There are two primary ways in which a C++ program can store information 
in the main memory of the computer. The first is through the use of 
variables. The storage provided by variables is fixed at compile 
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time and cannot be altered during the execution of a program. The second 
way information can be stored is through the use of C++’s dynamic 
allocation system. In this method, storage for data is allocated as needed 
from the free memory area that lies between your program (and its 
permanent storage area) and the stack. This region is called the heap. 
(Figure 12-1 shows conceptually how a C++ program appears in memory.) 

Dynamically allocated storage is determined at runtime. Thus, dynamic 
allocation makes it possible for your program to create variables that it 
needs during its execution. It can create as many or as few variables as 
required, depending upon the situation. Dynamic allocation is often used to 
support such data structures as linked lists, binary trees, and sparse arrays. 
Of course, you are free to use dynamic allocation wherever you determine it 
to be of value. Dynamic allocation for one purpose or another is an 
important part of nearly all real-world programs. 

Memory to satisfy a dynamic allocation request is taken from the heap. As 
you might guess, it is possible, under fairly extreme cases, for free memory 
to become exhausted. Therefore, while dynamic allocation offers greater 
flexibility, it too is finite. 

High memory 


Lew memory 

Figure 12-1 A conceptual view of msmory usage in a C++ program 


Stock 

¥ 

* 

Hegp 

Global data 
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C++ provides two dynamic allocation operators: new and delete. The 
new operator allocates memory and returns a pointer to the start of it. The 
delete operator frees memory previously allocated using new. The general 
forms of new and delete are shown here: 


p_var = new type; delete p_var; 


Here, p_var is a pointer variable that receives a pointer to memory that is 
large enough to hold an item of type type. 


Since the heap is finite, it can become exhausted. If there is insufficient 
available memory to fill an allocation request, then new will fail and a 
bad alloc exception will be generated. This exception is 
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defined in the header <new>. Your program should handle this exception 
and take appropriate action if a failure occurs. If this exception is not 
handled by your program, then your program will be terminated. 

The actions of new on failure as just described are specified by Standard 
C++. The trouble is that some older compilers will implement new in a 
different way. When C++ was first invented, new returned a null pointer on 
failure. Later, this was changed so that new throws an exception on failure, 
as just described. If you are using an older compiler, check your compiler’s 
documentation to see precisely how it implements new. 

Since Standard C++ specifies that new generates an exception on failure, 
this is the way the code in this book is written. If your compiler handles an 
allocation failure differently, then you will need to make the appropriate 
changes. 

Here is a program that allocates memory to hold an integer: 

// Demonstrate new and delete. 

ft include <iQstream> 
ftinclude <new> 
using namespace std? 

int main (} 

{ 

int + p? 

Allocate an int 

try ( I 

p - new int; // allocate space for an int 4 - ' 

} catch (bad_a!l0C xa} { 4- - 1 

cout << "Allocation Failure\n"? I 

- Wokh for an allocation failure, 

return 1/ 

} 

= 100 ? 

cout « m At " « p « p 

cout « * is the value * « *p « "\n"; 

delete p i 4 -Re lease the allocated memory. 

return 0; 


1 





This program assigns to p an address in the heap that is large enough to 
hold an integer. It then assigns that memory the value 100 and displays the 
contents of the memory on the screen. Finally, it frees the dynamically 
allocated memory. 

The delete operator must be used only with a valid pointer previously 
allocated by using new. Using any other type of pointer with delete is 
undefined and will almost certainly cause serious problems, such as a 
system crash. 
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Initializing Allocated Memory 

You can initialize allocated memory to some known value by putting an 
initializer after the type name in the new statement. Here is the general form 
of new when an initialization is included: 

p_var = new var_type (initializer); 

Of course, the type of the initializer must be compatible with the type of 
data for which memory is being allocated. 

Ask the Expert 

Q • I have seen some C++ code that uses the functions malloc() and free( 
) to handle dynamic allocation. What are these functions? 

A: The C language does not support the new and delete operators. 

Instead, C uses the functions 

malloc() and free() for dynamic allocation. malloc() allocates memory 
and free( ) releases it. C++ also supports these functions, and you will 
sometimes see malloc( ) and free( ) used in C++ code. This is especially 
true if that code has been updated from older C code. However, you should 
use new and delete in your code. Not only do new and delete offer a more 
convenient method of handling dynamic allocation, but they also prevent 
several types of errors that are common when working with malloc( ) and 
free(). One other point: Although there is no formal rule that states this, it 
is best not to mix new and delete with malloc( ) and free( ) in the same 
program. There is no guarantee that they are mutually compatible. 


This program gives the allocated integer an initial value of 87: 
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« 


f-f Initialize memory* 

( a C'n i"i ■ ” i “ ■ J l ■" E ■ t. ■ » ■ l ^ 1 


7 ] 


# '<new? 

" ."jf ' "* ‘ r "*" Jhi_ r_ 

using namespace std; 


int- main {) 

C 

int *pr 

try C 
"p.. 'is new' 

J (jaffct-h {bad. 
cout « " 

* * T|"' ,T " ' I. i ri 

return li 

V r •( ■Mp 1 * 

m % ■ 1 * .. r* I-j 

;) 


; i 


allp&Jjttfl a 




“ _ 4 

Initialize allocated memory, 




■to 87 + 




■eo.iit <■< At ;* >p <& ' *#: 

cout << "is Ska■value p « -*p << '^n" 


deJ--te p; 


tec turn. 


} 



Allocating Arrays 

You can allocate arrays using new by using this general form: 
p_var = new array_type [size]; 

Here, size specifies the number of elements in the array. To free an array, 
use this form of delete: 

delete [ ] p_var; 

Here, the [ ] informs delete that an array is being released. For example, the 
next program allocates a ten-element integer array: 

// Allocate an array. 

tiinclude <iostream> 
ftinclude < new> 
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using namespa£»\-£ t d; 

' ■ ■ ■ ■ . - ■ * ' | . I t f . * 


int mainf) 






- new 


| Jp/locates Jfeff integd^ Array 4* 



Allocate an arra/ of int 



A 




delete [] p; // release the array -4- 


Release the array. 

P '■■ 1 B “I r l ■»■■ ■ '* 



Notice the delete statement. As just mentioned, when an array allocated by 
new is released, delete must be made aware that an array is being freed by 
using the [ ]. (As you will see in the next section, this is especially 
important when you are allocating arrays of objects.) 

One restriction applies to allocating arrays: They may not be given initial 
values. That is, you may not specify an initializer when allocating arrays. 

Allocating Objects 

You can allocate objects dynamically by using new. When you do this, an 
object is created, and a pointer is returned to it. The dynamically created 
object acts just like any other object. When it is created, its constructor (if it 
has one) is called. When the object is freed, its destructor is executed. 

Here is a program that creates a class called Rectangle that encapsulates the 
width and height of a rectangle. Inside main(), an object of type Rectangle 
is created dynamically. This object is destroyed when the program ends. 

// Allocate an object* 

#include <iostreann> 
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m ■ - 


"ljra. vfT- - 


class Rectangle { 
ilit Ttfidtfci; 
int height? - : 


-i v_-. 


v r .int tt) i 


width *• w; 
height- 
gout « m 

* ? &< 


v << width 


'Rectangle 0 { 

eOiiit « 9 

9 ■ *<; 


i 


£&£ SpSIpH E 


); 


p << width 

■« * 


v -~ ]'i t: ^--i 1-h + height- 




iirfe main(} 

Rectangle *p; 

fery f 

, i. ^I ,-- 

p at yp 


r ft**—- 

} hatch (bad_alloc Xfi) { 

^out location Failur*tf@gJ t (. 

i - r .-T. f I r r fiP B H\]' - !- r - . Jl ,J \K_ -/“.F- c.r 

return 1; 

J 


Aibcote o Reererngb object, This 

calls the Rectangle constructor. 


cout << * Area is 11 << p->area()? 


cent << * \tt* 7 


delete 


jj ■ m inrai ji n — 

Release the object. This cdk rlv Rectangle destructor 




re turn, 

■» *i- 




The output is shown here: 
Constructing 10 by 8 rectangle. 



Area is 80 

Destructing 10 by 8 rectangle. 
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Notice that the arguments to the object’s constructor are specified after the 
type name, just as in other sorts of initializations. Also, because p contains a 
pointer to an object, the arrow operator (rather than the dot operator) is used 
to call area(). 

You can allocate arrays of objects, but there is one catch. Since no array 
allocated by new can have an initializer, you must make sure that if the 
class defines constructors, one will be parameterless. If you don’t, the C++ 
compiler will not find a matching constructor when you attempt to allocate 
the array and will not compile your program. 

In this version of the preceding program, a parameterless constructor is 
added so that an array of Rectangle objects can be allocated. Also added is 
the function set(), which sets the dimensions of each rectangle. 

// Allocate an array of objects* 

#include <iostreams 

#include <new> 

usi ng name spac e s t d; 

class Rectangle { 
int width; 
int height; 
public: 

Rectangle () { ^-■ Add a pcirameterless constructor. 

width ® height - 0; 

cout « "Constructing " « width « 

* by << height « 11 rectangle.\n 11 ; 

} 

Rectangle(int w H int h) { 
width = w; 
height - h; 

cout << "Constructing " << width << 

n v << height << 11 rectangle, \n 11 ; 

) 

^Rectangle () { 

cout << "Des true ting 11 << width << 

ri by 11 << height « * rectangle. \n w ; 


) 
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Add the iet( J function.. 


wid set (int w, int h> l + 
width * w; 
height = hi 

} 

int area{) { 

return width * height! 

} 


int ruainO 

t 

Rectangle 
try ( 

p * new Rectangle [3 Jr 
} catch (foad_alloc xaj { 

cout « p Allocation F&ilureVn ’ 1 j 
return li 

} 


coot « * \n "; 


p[0I.set(3 r 4}? 

«)i 

pC2I*set(5 # 6H 

£or(int i-Oj i < 3* i+*} 

coufc « "Area is * « p[i] araaQ « endl? 

coot « H \n*; 


1 


delete [] pi 
return 0? 


*-“ Ttm cdls Hie destructor for 

eqch objed irr lie array 


the out pat from this program if shown here: 

Constructing 0 by 0 rectangle. 

Constructing 0 by 0 rectangle. 

Constructing 0 by 0 rectangle, 

Area is 12 
Area is BO 
Area is 30 

Dest mating 5 foy 6 rectangle. 

Dostrueting 10 by S rectangle. 
Destructin q 3 by 4 rectangle* 
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Because the pointer p is released using delete [ ], the destructor for each 
object in the array is executed, as the output shows. Also, notice that 
because p is indexed as an array, the dot operator is used to access members 
of Rectangle. 

Progress Check 


What operator allocates memory? What 
operator releases memory? 

What happens if an allocation request 
cannot be fulfilled? 

Can memory be initialized when it is 
allocated? 


CRITICAL SKILL 12.5: Namespaces 

Namespaces were briefly described in Module 1. Here they are examined 
in detail. The purpose of a namespace is to localize the names of identifiers 
to avoid name collisions. In the C++ programming environment, there has 
been an explosion of variable, function, and class names. Prior to the 
invention of namespaces, all of these names competed for slots in the global 
namespace and many conflicts arose. For example, if your program defined 
a function called toupper( ), it could (depending upon its parameter list) 
override the standard library function toupper(), because both names would 
be stored in the global namespace. Name collision problems were 
compounded when two or more third-party libraries were used by the same 
program. In this case, it was possible—even likely—that a name defined by 
one library would conflict with the same name defined by the other library. 
The situation can be particularly troublesome for class names. For example, 
if your program defines a class call Stack and a library used by your 
program defines a class by the same name, a conflict will arise. 




The creation of the namespace keyword was a response to these problems. 
Because it localizes the visibility of names declared within it, a namespace 
allows the same name to be used in different contexts without conflicts 
arising. Perhaps the most noticeable beneficiary of namespace is the C++ 
standard library. Prior to namespace, the entire C++ library was defined 
within the global namespace (which was, of course, the only namespace). 
Since the addition of namespace, the C++ library is now defined within its 
own namespace, called std, which reduces the chance of name collisions. 
You can also create your own namespaces within your program to localize 
the visibility of any names that you think may cause conflicts. This is 
especially important if you are creating class or function libraries. 

Namespace Fundamentals 

The namespace keyword allows you to partition the global namespace by 
creating a declarative region. 

In essence, a namespace defines a scope. The general form of namespace is 
shown here: 



namespace name { // declarations } 











Anything defined within a namespace statement is within the scope of that 
namespace. 

Here is an example of a namespace. It localizes the names used to 
implement a simple countdown counter class. In the namespace are defined 
the counter class, which implements the counter, and the variables 
upperbound and lowerbound, which contain the upper and 

// Demonstrate a namespace, 

namespace Count erMameSpace ( 4-■ Create a; namespace called 

in t upper bound; Cou nlerNameSpoee 

in t 1ower bo und ; 

class counter { 
int count; 
public; 

counter(int n} { 

if(n <= upperbound) count = nj 
else count - upperbound; 

} 

void reset Tint n) { 

if(n upperbound) count = n; 

I 

int run,() { 

i f { coun t > 1 owe rbound } r e turn c oun t - - ; 
else return lowerbound; 

} 

J; 


) 



Here, upperbound, lowerbound, and the class counter are part of the 
scope defined by the CounterNameSpace namespace. 

Inside a namespace, identifiers declared within that namespace can be 
referred to directly, without any namespace qualification. For example, 
within CounterNameSpace, the run( ) function can refer directly to 
lowerbound in the statement 

if(count > lowerbound) return count--; 

However, since namespace defines a scope, you need to use the scope 
resolution operator to refer to objects declared within a namespace from 
outside that namespace. For example, to assign the value 10 to upperbound 
from code outside CounterNameSpace, you must use this statement: 

CounterNameSpace: :upperbound = 10; 

Or, to declare an object of type counter from outside CounterNameSpace, 
you will use a statement like this: 



CounterNameSpace:icounter ob; 











In general, to access a member of a namespace from outside its namespace, 
precede the member’s name with the name of the namespace followed by 
the scope resolution operator. 

Here is a program that demonstrates the use of the CounterNameSpace: 

// Demonstrate a namespace. 

#Include <iostream> 
using namespace a t d; 

namespace CounterNameSpace ( 
int upperbound? 
int 1owe rbound? 

class counter ( 
int count; 
public; 

counter(int n) { 

if(n <= upperbound} count = n; 

else count = upperbound? 

} 

void reset(int n) ( 

if(n upperbound) count = n; 

) 

int run() ( 

if(count > 1owerbound) return count--; 
else return 1owerbound; 

} 

); 

1 

int main(} 

{ 

CounterNameSpace::upperbound - 100; 

CounterNameSpace::lowerbound = 0; 


CounterNameSpace::counter obi i 10); 
int i; 
do { 

i = obi*run(); 
cout « i << " "f 
} while(i > CounterNameSpaeeislowerbound); 
cout << endl? 


Explicitly refer io members of 
CounterNameSpace Note lbe use 
of rfie scope resolution operator. 


CounterNameSpace::counter oh2 (20); 
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do { 

% W.. 0b2 * ruE 0 j 

i << * *£ 

| whcfesunterNama^pacs: : lowsrboand) : 
ooajt « endl f 


oh2* roset(100) i 

([SSiintei: Marasrbouadfl..- ft .90; 

■ "' 1 a ’ l " L,' ''" l - rr ■ "* ■ ■ i “ i‘ ■ in * 'r ^ i - 1 1 - n 1 

do { 

i i= ob2*run()? 

<< !;■ «. * *; 

} wlii 1(9 {1 > Count, t -1 IfamoSpac*: : low© rbo and) j 


roti43Pn 0; 

} 


Notice that the declaration of a counter object and the references to 
upperbound and lowerbound are qualified by CounterNameSpace. 
However, once an object of type counter has been declared, it is not 
necessary to further qualify it or any of its members. Thus, obl.run( ) can 
be called directly; the namespace has already been resolved. 

There can be more than one namespace declaration of the same name. In 
this case, the namespaces are additive. This allows a namespace to be split 
over several files or even separated within the same file. For example: 



namespace NS { int i; 

} 

II... 

namespace NS {int j; 

} 

Here, NS is split into two pieces, but the contents of each piece are still 
within the same namespace, that is, NS. One last point: Namespaces can be 
nested. That is, one namespace can be declared within another. 

using 

If your program includes frequent references to the members of a 
namespace, having to specify the namespace and the scope resolution 
operator each time you need to refer to one quickly becomes 
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tedious. The using statement was invented to alleviate this problem. The 
using statement has these two general forms: 

using namespace name; 

using name::member; 

In the first form, name specifies the name of the namespace you want to 
access. All of the members defined within the specified namespace are 
brought into view (that is, they become part of the current namespace) and 
may be used without qualification. In the second form, only a specific 
member of the namespace is made visible. For example, assuming 
CounterNameSpace as just shown, the following using statements and 
assignments are valid: 

using CounterNameSpace: :lowerbound; // only lowerbound is visible 
lowerbound = 10; // OK because lowerbound is visible 

using namespace CounterNameSpace; // all members are visible 
upperbound = 100; // OK because all members are now visible 


The following program illustrates using by reworking the counter example 
from the 



/ / Demons t r a t e usi ng. 


#include ciostream> 
using namespace std; 

namespace CounterNameSpace ( 
int upper bound; 
int 1owerbound; 

class counter { 
int count; 
public s 

counter(int n) [ 

if(n <= upperbound) count = n; 
else count = upperbound; 

} 

void reset(int n) { 

if(n < = upperbound) count = n; 

1 

int run() { 

if(count > lowerbound) return count 
else return lowerboand; 

} 


} 
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Use a specific member of 

Counter 14 am e Spate. 

// now* no qual 1 f j cutloil needed to sot uppe abound 
upperbound * 100; 

// qju&li fixation still needed for lowerbound, etc* 
CountorNamoSpaco? 5 Icri^rbound =0; 

CountorNameSpace ticounter dbl{10 >; 
int if 


int Hint) 

£ 

// us© only upper bound £rom Counts r^roeS^ace 
using Counter NameSpace:;upperbound; 4 


do { 

i = obi - run (}; 
emit « i <« p 

) while (I > Count erNaineSpace: :lcwerboundJ ? 
emit « emdl; 


U^e the entire 
Con n fcer MameSpdc e 


do { 

i & ob2*run ()t 
emit « i « * " ? 

) whiled > lowerbound) ? 
eout « eadlj 

ob2iresetfiOO); 
lowerboand = S0| 
do 4 

i = abl.rnnf) i 
cout « i « * m t 
) whiled > lOfWftrbaund) ; 


// Itfow* us© entire CounterBaroeSpaoe 
using namespace CounterNam*3pace; # 

counter ob2£20>: 


return 0; 

1 



The program illustrates one other important point: using one namespace 
does not override another. When you bring a namespace into view, it simply 
adds its names to whatever other namespaces are currently in effect. Thus, 
by the end of the program, both std and CounterNameSpace have been 
added to the global namespace. 

Unnamed Namespaces 

There is a special type of namespace, called an unnamed namespace, that 
allows you to create identifiers that are unique within a file. It has this 
general form: 
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namespace { 

// declarations } 

Unnamed namespaces allow you to establish unique identifiers that are 
known only within the scope of a single file. That is, within the file that 
contains the unnamed namespace, the members of that namespace may be 
used directly, without qualification. But outside the file, the identifiers are 
unknown. As mentioned earlier in this book, one way to restrict the scope 
of a global name to the file in which it is declared, is to declare it as static. 
While the use of static global declarations is still allowed in C++, a better 
way to accomplish this is to use an unnamed namespace. 

The std Namespace 

Standard C++ defines its entire library in its own namespace called std. 
This is the reason that most of the programs in this book have included the 
following statement: 

using namespace std; 

This causes the std namespace to be brought into the current namespace, 
which gives you direct access to the names of the functions and classes 
defined within the library without having to qualify each one with std::. 

Of course, you can explicitly qualify each name with std:: if you like. For 
example, you could explicitly qualify cout like this: 

std::cout « "Explicitly qualify cout with std."; 

You may not want to bring the standard C++ library into the global 
namespace if your program will be making only limited use of it, or if 
doing so will cause name conflicts. However, if your program contains 
hundreds of references to library names, then including std in the current 
namespace is far easier than qualifying each name individually. 


Progress Check 


What is a namespace? What keyword 
creates one? 

Are namespaces additive? 

What does using do? 
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CRITICAL SKILL 12.6: static Class 
Members 

You learned about the keyword static in Module 7 when it was used to 
modify local and global variable declarations. In addition to those uses, 
static can be applied to members of a class. Both variables and function 
members can be declared static. Each is described here. 

static Member Variables 

When you precede a member variable’s declaration with static, you are 
telling the compiler that only one copy of that variable will exist and that all 
objects of the class will share that variable. Unlike regular data members, 
individual copies of a static member variable are not made for each object. 
No matter how many objects of a class are created, only one copy of a static 
data member exists. Thus, all objects of that class use that same variable. 
All static variables are initialized to zero if no other initialization is 
specified. When you declare a static data member within a class, you are 
not defining it. Instead, you must provide a global definition for it 
elsewhere, outside the class. This is done by redeclaring the static variable 
using the scope resolution operator to identify which class it belongs to. 
This causes storage to be allocated for the static variable. Here is an 
example that uses a static member: 



// Use a static instance variable. 


#include < io s tr © am> 
using namespace std; 

Declare a static data member. Ft will be 

class ShareVar { shared by all instances of ShareVar, 

static int nu mt -- 

jpublic; 

void setnum(int. i) { num = i; }; 
void shownum () { cout << mim << u ; } 

} ; 

int ShareVar : mum; // define num -4 -Define the static data member, 

int main{) 

{ 

ShareVar a p b; 

a, shownum (K r // prints 0 

b. shownum(J; // prints 0 

a.setnum(10); // set static num to 10 
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a * shownum ( ) ; / / prints 10 
brShOHBftim-O i // also prints 10 

return Q; 

> ' 

The output is shown here: 

0 0 10 10 


In the program, notice that the static integer num is both declared inside the 
ShareVar class and defined as a global variable. As stated earlier, this is 
necessary because the declaration of num inside Share Var does not allocate 
storage for the variable. C++ initializes num to 0 since no other 
initialization is given. This is why the first calls to shownum() both display 
0. Next, object a sets num to 10. Then both a and b use shownum( ) to 
display its value. Because there is only one copy of num shared by a and b, 
both calls to shownum() display 10. 

When a static variable is public, it can be referred to directly through its 
class name, without reference to any specific object. It can also be referred 
to through an object. For example: 



// Refer to static variable through its class name. 


^include <iostreain> 
using namespace std; 

class Test { 
public? 

static int num; 

void shownum{) ( cout << num << endl; } 

1 * 


int Test::num; // define num 

int main() 

{ 

Test a, b; 

// Set num through its class name. 

Test; :. num - 100; + -- Refer to num though 

its ctois name Test. 

a. shownum()? // prints 100 

b. shownumU ; // prints 100 

// Set num through an object. 



43 














. n u m 



a, shovnumf) j /‘/ prints 2QH. 

7 * . I « i ■.■ ■_ ■ .:■ ■. i ■ ■l " r 

ta Tsho^iuin () ; // prints 200 
return D; 


Refer \o num through an abject. 


Notice how the value of num is set using its class name in this line: 

Testunum = 100; 

It is also accessible through an object, as in this line: 

a.num = 200; 

Either approach is valid. 

static Member Functions 

It is also possible for a member function to be declared as static, but this 
usage is not common. A member function declared as static can access only 
other static members of its class. (Of course, a static member function may 
access non-static global data and functions.) A static member function does 
not have a this pointer. Virtual static member functions are not allowed. 
Also, it cannot be declared as const or volatile. A static member function 
can be invoked by an object of its class, or it can be called independent of 
any object, using the class name and the scope resolution operator. For 
example, consider this program. It defines a static variable called count that 
keeps count of the number of objects currently in existence. 



// Demonstrate a static member function- 


# include <iostream> 

using namespace std; 

class Test { 

static int count: 

public: 

TftstU { 

count++; 

cent << 11 Cons true ting object " << 

count « end If 
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} 


emit « *Bes troy lag object * « 
vm mt « endlj 

count--! 

} A static member function 

static int numObjectsO { return count; 1 

}; 

int Test:icounti 

int main(} { 

Test a* h r a 

cout « "Then are now " « 

Tost t :numObjecte (} « 

* in « 3 cltt«m*\iy\n p t 

Teat *p = now TMttlf 

oout « "After allocating a Test object* " « 

"there are now B « 

TVst: EhiUpObjecte (} « 

* in existence, \n\n" ? 

del«t« p? 

cout « "After deleting an object# * « 

* there are now * « 
a ^numCfoj ects() « 

p in existence »A^^ W jp 

return 0 ; 




The output from the program is shown here: 

Cons trueti ng objec t 1 
Constructing object 2 
Constructing object 3 
There are now 3 in existence. 

Constructing object 4 

After allocating a Test object* there are now 4 in existence. 
Destroying object 4 

After deleting an object, there are now 3 in existence, 

De s t roying obj ec t 3 
Destroying object 2 
De s t r oying obj ec t 1 
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In the program, notice how the static function numObjects( ) is called. In 
the first two calls, it is called through its class name using this syntax: 

Test: inumObj ects() 

In the third call, it is invoked using the normal, dot operator syntax on an 
object. 


CRITICAL SKILL 12.7: Runtime Type 
Identification (RTTI) 

Runtime type information may be new to you because it is not found in 
non-polymorphic languages, such as C or traditional BASIC. In non- 
polymorphic languages there is no need for runtime type information, 
because the type of each object is known at compile time (that is, when the 
program is written). However, in polymorphic languages such as C++, there 
can be situations in which the type of an object is unknown at compile time 
because the precise nature of that object is not determined until the program 
is executed. As you know, C++ implements polymorphism through the use 
of class hierarchies, virtual functions, and base class pointers. A base class 
pointer can be used to point to objects of the base class or to any object 
derived from that base. Thus, it is not always possible to know in advance 
what type of object will be pointed to by a base pointer at any given 
moment. This determination must be made at runtime, using runtime type 
identification. 

To obtain an object’s type, use typeid. You must include the header 
<typeinfo> in order to use typeid. Its most commonly used form is shown 
here: 

typeid(object) 

Here, object is the object whose type you will be obtaining. It may be of 
any type, including the built-in types and class types that you create, typeid 
returns a reference to an object of type type_info that describes the type of 
object. 

The type_info class defines the following public members: 

bool operator==(const type_info &ob); bool operator!=(const type_info 



&ob); bool before(const type_info &ob); const char *name(); 

The overloaded == and != provide for the comparison of types. The before( 
) function returns true if the invoking object is before the object used as a 
parameter in collation order. (This function is mostly for internal use only. 
Its return value has nothing to do with inheritance or class hierarchies.) The 
name() function returns a pointer to the name of the type. 

Here is a simple example that uses typeid: 
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//A simple example that uses type id. 


ft include <iestream> 
# include < types inf o> 
using namspace std: 

class MyClass { 

// # * * 

}; 


Use type id \o obtain fhe 
type of (Si ob|ed erf ryntirne, 

cout *The type of i lai " « typeid(i) .name f) j 
eout « endl; 

■ -at « "The- tyix- of f is: " byp«id(f) *nam@{) j - 

ocmt « endl? 

cout €< *Th# type of ob * « typeid(ob) . name {>; 

cnt « "\n\ft 1 ; 

if(typeidti) p== typeidtj)) 

emit « "The types of i and j are the emuXn*; 

If <typold(i> typ«dd<f>) 

cout « 'Th® types of i and f are not the same\n"; 

return 0; 

1 


int mainU 
( 

int i, 
float ts 
MyClass db; 


The output produced by this proy rum is show u here: 


The type of i is: int 
The type of f is? float 
The type of db is* class MyClass 
The types of i and j are the savne 

Tho tvoos of i and f aro not tho same 



Perhaps the most important use of typeid occurs when it is applied through 
a pointer of a polymorphic base class (that is, a class that includes at least 
one virtual function). In this case, it will automatically return the type of the 
actual object being pointed to, which may be a base class object or an 
object derived from that base. (Remember, a base class pointer can point to 
objects of the base class or of any class derived from that base.) Thus, using 
typeid, you can determine at runtime the type of the object that is being 
pointed to by a base class pointer. The following program demonstrates this 



principle: 
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// Ail example that uses type id on a polymorphic class hierarch: 


#include ^iostream^ 

4 include <typ*info> 
using namespace std; 

class Base { 

virtual void f (} {}' // make Base polymorphic 
// ... 

If 

class Dsrivedli public Base ( 

// *** 

} t 

class Derived2: public Base I 

// - *- 

}| 

1st jaainO 
l 

Base *p, boeabf 
Derivedl obi; 

Derived2 ob2; 

p = kbaseob; 

emit « "p is pointing to an object of typ* ** 
ce n t « typtld(*p] - name {} « «odlr 

p = isobi; 

oout « *p is pointing to an object of type 1 j 
cout <c< typeid(*p}* naiml} « eodl; 

p - &ob2; 

cout « H p is pointing bo an object of type H ; 
cout « typeid(*p> .name{) « endlj 

return 0; 


} 



The output produced by this program is shown here: 
p is pointing to an object of type class Base 

p is pointing to an object of type class Derivedl p is pointing to an object of 
type class Derived2 

When typeid is applied to a base class pointer of a polymorphic type, the 
type of object pointed to will be determined at runtime, as the output shows. 
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In all cases, when typeid is applied to a pointer of a non-polymorphic class 
hierarchy, then the base type of the pointer is obtained. That is, no 
determination of what that pointer is actually pointing to is made. As an 
experiment, comment-out the virtual function f( ) in Base and observe the 
results. As you will see, the type of each object will be Base because that is 
the type of the pointer. 

Since typeid is commonly applied to a dereferenced pointer (that is, one to 
which the * operator has been applied), a special exception has been created 
to handle the situation in which the pointer being dereferenced is null. In 
this case, typeid throws a bad_typeid exception. 

References to an object of a polymorphic class hierarchy work the same as 
pointers. When typeid is applied to a reference to an object of a 
polymorphic class, it will return the type of the object actually being 
referred to, which may be of a derived type. The circumstance where you 
will most often make use of this feature is when objects are passed to 
functions by reference. 

There is a second form of typeid that takes a type name as its argument. 
This form is shown here: 

typeid(type-name) 

For example, the following statement is perfectly acceptable: 

coiit«typeid(int).name(); 

The main use of this form of typeid is to obtain a type_info object that 
describes the specified type so that it can be used in a type comparison 
statement. 

Progress Check 


What makes a static member variable 
unique? 


What does typeid do? 

What type of object does typeid return? 


CRITICAL SKILL 12.8: The Casting 
Operators 

C++ defines five casting operators. The first is the traditional-style cast 
described earlier in this book. It 

has been part of C++ from the start. The remaining four were added a few 
years ago. They are 

dynamic_cast, const_cast, reinterpret_cast, and static_cast. These operators 
give you additional control 

over how casting takes place. Each is examined briefly here. 

dynamic_cast 
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Perhaps the most important of the additional casting operators is the 
dynamic_cast. The dynamic_cast performs a runtime cast that verifies the 
validity of a cast. If at the time dynamic_cast is executed, the cast is invalid, 
then the cast fails. The general form of dynamic_cast is shown here: 

dynamic_cast<target-type> (expr) 

Here, target-type specifies the target type of the cast, and expr is the 
expression being cast into the new type. The target type must be a pointer or 
reference type, and the expression being cast must evaluate to a pointer or 
reference. Thus, dynamic_cast can be used to cast one type of pointer into 
another or one type of reference into another. 

The purpose of dynamic_cast is to perform casts on polymorphic types. For 
example, given two polymorphic classes B and D, with D derived from B, a 
dynamic_cast can always cast a D* pointer into a B* pointer. This is 
because a base pointer can always point to a derived object. But a 
dynamic_cast can cast a B* pointer into a D* pointer only if the object 
being pointed to actually is a D object. In general, dynamic_cast will 
succeed if the pointer (or reference) being cast is pointing to (or referring 
to) either an object of the target type or an object derived from the target 
type. Otherwise, the cast will fail. If the cast fails, then dynamic_cast 
evaluates to null if the cast involves pointers. If a dynamic_cast on 
reference types fails, a bad_cast exception is thrown. 

Here is a simple example. Assume that Base is a polymorphic class and that 
Derived is derived from Base. 

Base *bp, b_ob; 

Derived *dp, d_ob; 

bp = &d_ob; // base pointer points to Derived object 

dp == dynami c_o as t<Derived *> (bp) ; // cast to derived pointer OK 

if(dp) cout << "Cast DK m ; 


Here, the cast from the base pointer bp to the derived pointer dp works 



because bp is actually pointing to a Derived object. Thus, this fragment 
displays Cast OK. But in the next fragment, the cast fails because bp is 
pointing to a Base object, and it is illegal to cast a base object into a derived 
object. 

bp - kb_ob; // bas® pointer points to Base object 
dp = dynamic_cast<Derived *> (bp); // error 
if(!dp) cout << "Cast Fails 11 ? 


Because the cast fails, this fragment displays Cast Fails. 

const_cast 

The const_cast operator is used to explicitly override const and/or volatile 
in a cast. The target type must be the same as the source type, except for the 
alteration of its const or volatile attributes. The most common use of 
const_cast is to remove const-ness. The general form of const_cast is shown 
here: 



const_cast<type> (expr) 











Here, type specifies the target type of the cast, and expr is the expression 
being cast into the new type. 


It must be stressed that the use of const_cast to cast away const-ness is a 
potentially dangerous feature. 

Use it with care. 

One other point: Only const_cast can cast away const-ness. That is, 
dynamic_cast, static_cast, and reinterpret_cast cannot alter the const-ness of 
an object. 

static_cast 

The static_cast operator performs a non-polymorphic cast. It can be used 
for any standard conversion. No runtime checks are performed. Thus, the 
static_cast operator is essentially a substitute for the original cast operator. 
Its general form is 

static_cast<type> (expr) 

Here, type specifies the target type of the cast, and expr is the expression 
being cast into the new type. 

reinterpret_cast 

The reinterpret_cast operator converts one type into a fundamentally 
different type. For example, it can change a pointer into an integer and an 
integer into a pointer. It can also be used for casting inherently incompatible 
pointer types. Its general form is 

reinterpret_cast<type> (expr) 

Here, type specifies the target type of the cast, and expr is the expression 
being cast into the new type. 

What Next? 

The purpose of this book is to teach the core elements of the language. 
These are the features and techniques of C++ that are used in everyday 
programming. With the knowledge you now have, you can begin writing 



real-world, professional-quality programs. However, C++ is a very rich 
language, and it contains many advanced features that you will still want to 
master, including: 

The Standard Template Library (STL) 

Explicit constructors 
Conversion functions 

const member functions and the mutable keyword 
The asm keyword 

Overloading the array indexing operator [ ], the function call 
operator (), and the dynamic allocation operators, new and delete 

Of the preceding, perhaps the most important is the Standard Template 
Library. It is a library of template classes that provide off-the-shelf 
solutions to a variety of common data-storage tasks. For 
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example, the STL defines generic data structures, such as queues, stacks, 
and lists, which you can use in your programs. 

You will also want to study the C++ function library. It contains a wide 
array of routines that will simplify the creation of your programs. 

To continue your study of C++, I suggest reading my book C++: The 
Complete Reference, published by Osborne/McGraw-Hill, Berkeley, 
California. It covers all of the preceding, and much, much more. You now 
have sufficient knowledge to make full use of this in-depth C++ guide. 

Module 12 Mastery Check 

Explain how try, catch, and throw work together to support 
exception handling. 

How must the catch list be organized when catching exceptions 
of both base and derived classes? 

Show how to specify that a MyExcpt exception can be thrown 
out of a function called func() that returns void. 

Define an exception for the generic Queue class shown in 
Project 12-1. Have Queue throw this exception when an overflow 
or underflow occurs. Demonstrate its use. 

What is a generic function, and what keyword is used to create 
one? 

Create generic versions of the quicksort ) and qs() functions 
shown in Project 5-1. Demonstrate their use. 

Using the Sample class shown here, create a queue of three 
Sample objects using the generic Queue shown in Project 12-1: 

class Sample { 
int id^ 
public : 

Sampled { id - 0; > 

Sample(int x) { id = x; } 

void show() { cout << id << endl; } 



Rework your answer to question 7 so that the Sample objects 
stored in the queue are dynamically allocated. 

Show how to declare a namespace called RobotMotion. 

What namespace contains the C++ standard library? 

Can a static member function access the non-static data of a 
class? 

What operator obtains the type of an object at runtime? 
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To determine the validity of a polymorphic cast at runtime, 
what casting operator do you use? 

What does const_cast do? 

On your own, try putting the Queue class from Project 12-1 in 
its own namespace called QueueCode, and into its own file called 
Queue.cpp. Then rework the main( ) function so that it uses a 
using statement to bring QueueCode into view. 

Continue to learn about C++. It is the most powerful computer 
language currently available. Mastering it puts you in an elite 
league of programmers. 




